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Comparative and Quantitative Studies of Fungitoxicity 
against Fungal Spores and Mycelia’ 


TOMOMICHI YANAGITA? AND SABURO YAMAGISHI 


Institute of Food Microbiology and School of Pharmacy, Chiba University, Narashino, Chiba-ken, Japan 


Received for publication February 25, 1958 


In studies on the mode of action of antifungal agents, 
it may be valuable to reveal the difference in drug 
sensitivity between fungal spores and mycelia. Various 
methods employed in the evaluation of antifungal 
substances do not necessarily apply to the solution of 
this problem. For the estimation of ‘sporostatic” 
activity of an agent, the inhibitory effect on the course 
of germination of spores can be taken as a measure of 
quantitative evaluation of the activity. On the other 
hand, the quantitation of growth inhibitory activity 
on mycelia (“‘mycostatie” activity) of an agent is much 
more complicated. 

In the present experiment, mycelial fragments pre- 
pared from pellets formed in the submerged culture of 
a fungus were used for the quantitative evaluation of 
mycostatic as well as the “mycocidal” activities of a 
given agent. The mycelial fragments formed individual 
colonies on agar media. Therefore, techniques for bac- 
teriostatic and bactericidal tests routinely employed 
could be easily modified to mycostatic and mycocidal 
tests. 


MATERIALS AND METHODS 


The stock culture of Aspergillus niger strain 1617: 
Was grown on an agar slant of medium of the following 
composition: peptone, 20 g; yeast extract, 0.5 g; 
KH2PO,, 1 g; MgSO,-10H.0, 0.5 g; glucose, 10 g; agar, 
25 g; and water to 1000 ml (pH adjusted to 6.0). The 
same medium with or without addition of agar was 
used for test media throughout these experiments. The 
stock culture was used after at least 1 week of incuba- 
tion at 30 C. 

Dry preparation of spores used for the present ex- 
periments was obtained by the following procedure, 
which is the modification of the method of Yanagita 
(1957). A sterilized processing tray (26 by 20 by 4 em) 
covered with paper (used for Japanese paper-screen) 
was poured with 400 ml of the agar medium. After the 
solidification of the agar, 10 ml of sterile distilled water 

‘ Supported in part by a grant-in-aid for Fundamental Sci- 
entific Research donated by the Ministry of Education of 
Japan. 

2 Member of the Tokugawa Institute for Biological Re- 
search, Tokyo, Japan. 

3 Kindly supplied by Dr. J. W. Foster of the University of 
Texas. 
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was spread over the agar surface, and a sheet of 
sterilized filter paper (26 by 20 em) was laid down on 
the agar. Precaution was paid to prevent the inclusion 
of air bubbles between the paper and agar. Then spore 
suspension made from a stock culture was sprayed on 
the filter paper and incubated for 1 week in a wet box 
at 30 C. Abundant formation of spores could then be 
achieved. The spore bearing filter paper was separated 
aseptically from the agar medium, and the tray was 
emptied by discarding the wasted medium. The spore 
bearing paper was then replaced in the empty tray, and 
incubated for a few days in a dry chamber at 30 C 
until the margin of the paper curled up by drying. For 
collecting the dry spores, an electric vacuum brush‘ 
was found to be very convenient. In this case the paper 
bag instead of cloth bag was used for the final collection 
of spores. The spores thus collected were screened 
through fine silk cloth to separate the contaminating 
mycelia, conidiophores, and other forms of the cell. 
The yield of dry spores was 0.6 to 0.8 g per tray. These 
spores were usable for many months provided that 
they were stored at 4 C in a small tube with a tight 
rubber stopper. 

The substances tested were: five synthetic fungi- 
cides; sorbic acid, dehydroacetic acid (DHA), sodium 
pentachlorophenolate (PCP), 2-butylthio-1 ,4-naph- 
thoquinone (BTN), and phenylthiolbenzoate; and 
three antifungal antibiotics; actidione, mycelin (Aiso 
et al., 1952), and eurocidin (Nakazawa, 1955). Eurocidin 
is a pentaene and mycelin is an antibiotic closely re- 
lated to fradicin (Swart et al., 1950). 


A. Tests for Sporostatic and Sporocidal Activities 


During the course of spore germination, the usual 
marked increase in the size of spores occurs, followed 
by the emergence of germ tubes. Thus, in the test for 
the sporostatic activity of antifungal substances, there 
are two criteria of judgment, namely, the inhibition 
of conidial swelling and that of germ tube emergence. 
Previously, it was observed that the cytochemical 
and metabolic pattern of the germinating spores changes 
conspicuously at the time of germ tube emergence 
(Yanagita, 1957). In other words, at this stage of ger- 
mination, the cytochemical and metabolic patterns are 


* Matsushita Electric Works, Tokyo, Japan. 
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vigorously shifting from those of spores toward those of 
mycelia. Therefore, as suggested by Horsfall (1956), 
it is probable that the concentration of an agent in- 
hibiting swelling may differ from that inhibiting sprout- 
ing. To clarify this point, a method for the simultaneous 
determination of swelling and sprouting inhibition was 
developed. 

Sporostatic test method. Ten mg of dry spores were 
suspended in 4 ml of 0.02 per cent aqueous solution of 
Tween 80.5 A 0.05 ml aliquot of the suspension was 
spread with a bent glass rod over a duplicate series of 
agar plates (10 ml of medium per plate) containing 
serially diluted test fungicide. Two plates without 


5 Atlas Powder Company, Wilmington, Delaware. 


(1) (2) 
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addition of test substance, but inoculated with the 
same amount of spores, served as controls. Each plate 
thus inoculated contained about 5.7 X 10° spores per 
plate (about 1.1 X 10° spores per cm?). All of these 
plates were incubated at 30 C. After 4 hr incubation 
one series of plates was cooled in a refrigerator at 3 C 
to stop the process of conidial swelling. The other series 
was cooled after 8 hr incubation to stop the process of 
germ tube emergence. The percentage of swollen and 
sprouted spores on 4- and 8-hr cultures, respectively, 
was determined by microscopical examination. The 
diameter of the resting spores averaged 3 yu, whereas 
that of swollen spores cultured for 4 hr averaged be- 
tween 5 and 10 u (see figure 1). The number of swollen 
spores, whose diameters were arbitrarily set at more 


(3) 
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Figure 1. Photomicrographs of spores of Aspergillus niger treated with various concentrations of pentachloropheno] for 20 min. 
These were taken after a 4-hr incubation period at 30 C after treatment. (1) Untreated resting spores; (2) to (5) treated by 2 X 
10-3, 1 X 10-8, 5 X 10-4, and 2.5 X 10-4 m pentachlorophenol ; (6) spores grown through the period of swelling in the absence of pen- 


tachlorophenol. 
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than 5 uw, was scored after the examination of about 200 
spores per plate. Sprouted spores, on the other hand, 
denoted those which were deformed or had already 
sprouted. These configurations could easily be differ- 
entiated from globular ungerminated ones. The degree 
of sporostatic activity, 7,, was calculated for both cases 
as shown in formula 1, 


ha (: _ =) x 100 (1) 


where S and S, represent the percentages of swollen 
or sprouted spores on test and control plates, respec- 
tively. The value S, usually gave 95 and 90 per cent for 
the process of swelling and sprouting, respectively, 
under the present experimental conditions. 

Sporocidal test method. In this experiment a known 
number of spores were subjected to contact with certain 
concentrations of fungicide in a liquid medium for a 
definite time interval, taken out of the environment, 
and then plated on an agar medium without added 
fungicide. The spores swelling on the medium were 
then counted for survivals. 

A 0.2 ml aliquot of the spore suspension in water 
(2.5 mg dry spores per ml) was inoculated in 4.8 ml 
medium, with or without the addition of various con- 
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centrations of test fungicide, the final concentration of 
spores being 100 ug per ml. After 13 min incubation with 
the fungicide at 30 C, the spores were harvested by 
centrifugation. The time of contact with the initial 
concentration of fungicide was exactly 20 min, including 
the time of centrifugation. Spores thus treated were 
washed once or twice with 5 ml of medium (free from 
the fungicide) and resuspended in 0.3 ml of medium. 
One-tenth ml of the suspension was spread over an 
agar plate free from the fungicide, incubated for 4 hr 
at 30 C, and the percentage of swollen spores scored. 
The percentage of surviving fraction was calculated 
from formula 1. 


B. Tests for Mycostatic and Mycocidal Activities 


Preparation of mycelial suspension. Klarmann et al. 
(1934) used mycelial fragments, prepared by breaking 
up a 10- to 15-day-old mycelial mat of a fungus, for 
fungicidal tests. However, the method is not fitted for 
testing of mycostatic activity per se, since the mycelial 
mat of the fungi might bear a variety of spores and 
other forms of the cell. In the present experiments, 
mycelial fragments were prepared by breaking up 2-day- 
old pellets grown in the submerged culture of a fungus, 
In this case the fungus culture was free from spores. 


Figure 2. Phase contrast photomicrographs showing various types of mycelial fragments. For the method of preparation of these 


fragments see text. 
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One loopful of spores taken from a stock culture of 
test fungus was inoculated into 60 ml liquid medium 
contained in a shaking flask. It was cultured at 30 C 
for 2 days on a reciprocal shaker (130 rpm; stroke: 
7 cm). If it was cultured more than 2 days, conidio- 
spores formed around the lower neck of the flask. 
Since this situation may cause the unfavorable con- 
tamination of the mycelial preparation with spores, the 
duration of the culture should be less than 2 days. 
The fungal culture with abundant formation of pellets 
was then stirred vigorously for 2 min in a sterile Waring 
Blendor (10,000 rpm). The homogenate thus prepared 
was filtered through three sheets of sterile gauze. The 
filtrate was a homogeneous turbid suspension of my- 
celial fragments, as shown in figure 2. When 0.1 ml of 
the suspension was spread over the agar plate, about 
100 recognizable colonies formed after 1 day of culture 
at 30 C. Thus, 1 ml of the homogeneous mycelial sus- 
pension contained about 1000 colony-forming centers. 
The viability of the mycelial fragments in the suspen- 
sion thus prepared fell off rather rapidly. After they 
were kept for 20 hr at 3 C in the culture fluid, about 
40 per cent of the colony-forming centers lost viability. 
When the freshly prepared fragments were resuspended 
in M/15 phosphate buffer at pH 6.0 and stored at 3 C 
for 20 hr, almost the same degree of death occurred. 
Consequently a freshly prepared mycelial suspension 
was always used. 

Mycostatic test method. Agar plates were prepared 
with or without addition of various concentrations of 
antifungal substance. One-tenth ml of the mycelial 
suspension was spread over the agar surface by the use 
of a bent glass rod. After 1 day of incubation at 30 C, 
the colonies formed on each plate were counted. The 
degree of inhibition, /,,, is given as shown by formula 2 


I 1 = x 100 > 
ai M, (2) 


in which MV and M, represent the number of colonies on 
the plates with and without added test substance, 
respectively. 

Mycocidal test method. One ml of mycelial suspension 
was harvested by centrifugation and was resuspended 
in 5 ml of medium with or without the addition of 
various concentrations of test substance. The sus- 
pensions were incubated at 30 C for 13 min, followed 
by centrifugation. The time of contact with the initial 
concentration of the fungicide was 20 min, including the 
time of centrifugation, as in the case of the sporocidal 
test. The spores thus treated were then washed once, 
and resuspended in 1 ml of medium. One-tenth ml of 
the suspension was inoculated on an agar plate con- 
taining no fungicide, incubated for 1 day at 30 C, and 
the resultant surviving colonies counted. The colony 
count of untreated mycelial suspension was taken as a 
control and the survival ratio was calculated at each 
concentration of the test substance. 
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RESULTS 


Comparison of sporostatic and mycostatic activities of 
antifungal substances. The data obtained are graphically 
expressed in terms of the relationship between the 
degree of inhibition and the concentration (logarithmic 
scale) of test substances. Sporostatic activities, as 
judged by inhibition of swelling and sprouting, seem 
to differ in some cases. Figure 3 shows the typical 
data of the dosage-response curves for the inhibition 
of conidial swelling, germ tube emergence, and mycelial 
growth. In the case of PCP, the curve for sprouting 
inhibition fell between those for mycelial growth and 
conidial swelling inhibitions. The reason why the slope 
of the sprouting inhibition curve is less than that of 
the others is uncertain. Another typical example was 
found in the case of phenylthiolbenzoate. This fungicide 
showed a quite different pattern of dosage-response 


INHIBITION 


OF 





DEGREE 











LOGARITHM OF CONCENTRATION 


Figure 3. Comparison of dosage-response curves for anti- 
fungal agents against mycelia and spores of Aspergillus niger. 
PCP and DHA represent, respectively, pentachlorophenol and 
dehydroacetiec acid. 


TABLE 1 
Comparison of sporostatic and mycostatic activities of 
antifungal substances on Aspergillus niger 


50 Per cent Inhibition Rati 
Concentration _ Ratio, — 
Sporostatic: 
Myostatic 


Antifungal Substance 


Sporostasis Mycostasis 


M M 

Pentachlorophenol. . 7.2 KI?) 1.4% 20-5 52.8 
Dehydroacetic acid.... 1.4 X 10°?| 3.8 X 10° 3.8 
Sorbie acid Ba xX 1077 1.2% 10° 2.8 
Phenylthiolbenzoate . . 1.4 X 10° | 8.9 X 10°* 2.4 
Butylthio-1,4-naphtho- 

quinone ere oie 3.4 xX 10°) 2.5 xX 10“ 1.4 

pe/m! pg/ml 

Mycelin ees: > 100 7.8 >13 
Eurocidin...... : >50 5.5 >9 
Actidione....... # 56 56 1 


Note: Sporostatic activity was judged by the swelling 
inhibition. 
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curves. The activity for sprouting inhibition was the 
highest and those for mycelial growth and conidial 
swelling inhibitions were successively less. In the com- 
parative experiments on the sporostatic and mycostatic 
activities of various substances performed below, the 
conidial swelling inhibition was taken as the measure of 
sporostasis. 

As shown in figure 3, the sporostatic and mycostatic 
activities of actidione differed from those of PCP. 
Table 1 shows the concentrations of various antifungal 
substances which caused 50 per cent sporostasis and 
mycostasis. The ratios of the two activities are also 
indicated in the table. These results show that there 
are three types of mode of action among various agents: 
(1) the activities of sporostasis and mycostasis show 
the same order of magnitude, (2) the mycostatic activ- 
ity is far stronger than the sporostatic activity, and 
(3) difference between the two activities is not so wide 
as in type (2). No substance has been found which 
exhibits stronger sporostatic than mycostatic activity. 
Actidione and BTN are of the first type; PCP, mycelin 
and eurocidin of the second; and sorbie acid, DHA 
and phenylthiolbenzoate of the third. 

Comparison of sporocidal and mycocidal activities of 
antifungal substances. A 20-min exposure of spores and 
mycelial fragments to DHA, even in high concentra- 
tions, did not have any influence on the survival ratio 
of these cells. In a parallel experiment with PCP, both 
sporocidal and mycocidal activities were clearly demon- 
strated. In this case, dosage-response curves for sporo- 
cidal and mycocidal activities almost paralleled those 
of sporostatic and mycostatic activities. The 50 per 
cent inhibition concentrations for sporocidal and myco- 


TABLE 2 
Comparison of growth inhibitory and killing activities of 
pentachlorophenol on Aspergillus niger 


Antifungal Activity 50 Per cent Inhibition Conc Ratio, Cidal : Static 





M 


Mycostatie 1456 21 
Mycocidal 3.0 ¥ 16-5 = 
Sporostatic 7.4X 10-5 

: ; is 10 
Sporocidal 7 


-5 X 107 
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Figure 4. Comparison of heat resistance of mycelial frag 
ments and resting spores. These cells were heated for 3 min at 
desired temperatures in peptone-yeast extract-glucose media. 
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cidal activities of PCP are listed in table 2, as compared 
with those for sporostatic and mycostatic activities. 
The ratios, cidal:static, indicate wide differences be- 
tween the concentrations causing growth inhibition and 
death of spores and mycelia. 

Comparison of heat sensitivity of spores and mycelia. 
It is generally accepted that the difference in heat 
sensitivity between spores and vegetative cells is much 
less in fungi than in bacteria. In the latter organisms, 
the difference can easily be demonstrated quanti- 
tatively; on the other hand, such quantitative com- 
parison has been difficult to demonstrate in fungi. The 
present device of counting viable cells of fungal mycelia 
provides a way of obtaining new information on the 
comparative representation of the heat sensitivities 
of fungal mycelia and spores. 

The spores of the test organism used in this experi- 
ment do not respond to so-called heat shock. A short 
exposure of the spores to a high temperature results in 
instant death. Both the spores and mycelia of this 
fungus were exposed to various temperatures for 3 min, 
and the viability of these cells examined by the tech- 
niques used in the sporocidal and mycocidal tests. 

From this experiment it has been shown (figure 4) 
that the temperatures which caused the death of 50 
per cent of these cells differed by only 5 C between the 
spores and mycelia. The fact that the slopes of these 
two curves were almost parallel suggests that the varia- 
tion of heat sensitivity of spores may be of the same 
order of magnitude as that of mycelia. 

Change in heat and germicidal sensitivities of spores 
during the course of germination. The results obtained 
in the experiments described above show that the heat 
and germicidal sensitivities in some cases differ mark- 
edly between spores and mycelia. In this connection 
the question may be raised as to when, during the 
course of germination, the resistance to heat and drugs 
will be lost. The following experiments were designed to 
answer this question. 

Five mg of dry spores were inoculated in 50 ml of 
germination medium containing L-alanine, glucose, and 
phosphate (Yanagita, 1957), and cultured with shaking 
at 30 C. A 5 ml aliquot of the culture was taken at 
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Figure §. Loss of heat and germicidal resistance in germinat- 
ing spores of Aspergillus niger. Heat treatment: 49 C for 3 min; 
germicidal treatment: 2 X 1074 m pentachlorophenol (PCP) for 
20 min at 30 C. 
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various time intervals and subjected to treatment with 
heat or PCP. The heat treatment of the germinating 
spores comprised 3 min heating at 49 C in the germina- 
tion medium. The spores thus treated were tested for 
viability by scoring of swollen spores after 6 hr cultiva- 
tion at 30 C. The treatment with the fungicide was 
performed by the addition of PCP to the aliquot of 
culture to make the final concentration of 2 X 107‘ M, 
followed by the incubation for 20 min at 30 C. After 
the exposure of spores to the fungicide, the culture was 
instantly filtered through a membrane filter,® washed 
with saline, and the residual spores resuspended in 
saline. The spore suspension was subjected to the tests 
for viability (colony forming ability on the peptone- 
yeast extract agar after 1 day of culture) and for total 
cell counting. Thus the percentage of survivals was 
calculated. 

The heat sensitivity of the spores was found to 
change abruptly after only 30 min incubation in the 
germination medium (figure 5). Under the present 
experimental conditions, the spores began to emerge 
germ tubes after 6 hr. It should be noted that spores 
incubated in distilled water at the same temperature 
did not show any sign of loss of heat resistance. As 
mentioned previously, the spores used in this experi- 
ment did not swell or emerge germ tubes in the distilled 
water (Yanagita, 1957). From these facts, it seems that 
the loss of heat resistance in the initial phase of germi- 
nation is directly related to the metabolic changes as- 
sociated with germination. 

The loss of PCP-resistance of germinating spores 
occurred later than the loss of heat resistance. Figure 
5 also shows that a conspicuous change in PCP sensi- 
tivity occurs between | and 2 hr of culture. It cannot 
be concluded that the loss of PCP-resistance at this 
moment is caused by a change in the permeability of the 
agent through the cell wall or by a change in the meta- 
bolic pattern of the spores. 


DIscUSSION 


The method described for counting colonies of 
mycelial fragments may be useful in the investigation of 
the biological activities of fungal mycelia per se, since 
it precludes the presence of spores. There is, however, 
an important problem as to how the degree of mycelial 
fragmentation influences the colony-forming ability. 
As shown in figure 2, cytoplasm leaked out from the cut 
ends of some of the mycelial fragments, whereas those 
of branching mycelia seemed to be intact. There is at 
present no evidence as to which type of cell fragment 
has colony-forming ability. In conclusion, it can be 
said that only a small fraction of the fragments were 
able to form colonies. 

Comparison of the mycostatic and sporostatic ac- 
tivities of several agents disclosed that these two activ- 


6 Nr. 1, Membranefilter-Gesellschaft. Gottingen, Germany. 





[VOL. 6 


ities were very close in some cases and quite different 
in others. No evidence, however, was shown that 
sporostatic activity is stronger than mycostatic activity, 
This was also found true in the experiments of Yama- 
gishi (1958). He tested new antifungal substances, 
phenylthiolacylate derivatives, by this method. He 
found that the introduction of some acyl group into 
the substance caused a marked enhancement of the 
mycostatic activity, while it left the sporostatic ac- 
tivity unchanged. He showed also that this quantitative 
method is convenient for the demonstration of en- 
hancement, by an agent, of growth inhibitory action of 
a fungicide. 

In general, the fungistatic activity of various sub- 
stances seemed to have more effect on mycelial growth 
than on germ tube emergence. It is worth noticing, 
however, that, contrariwise, some of the fungicides 
exhibited more effective action on germ tube growth 
than on mycelial growth. This fact suggests that during 
the course of fungal growth, beginning from the time 
of spore germination, the fungus does not necessarily 
show the highest sensitivity to an agent at the mycelium 
stage. It may generally be concluded that the fungus 
shows the highest resistance during the course of cellu- 
lar growth at the stage of conidial swelling. Mandels 
and Darby (1953) presented a rapid method for as- 
saying fungitoxicants, by measuring inhibition of 
conidial swelling. In the case of screening antifungal 
agents, however, it is probable that their method may 
be less selective than the conventional one based on 
the inhibition of germ tube emergence or of mycelial 
growth. 

The difference in heat resistance between mycelium 
and spore was found to be much less in this organism 
than in bacteria. In a separate experiment using A sper- 
gillus clavatus as the test organism, similar results were 
obtained (Yanagita, unpublished data). The tempera- 
tures showing 50 per cent survival for the mycocidal 
and sporocidal experiments were 50.5 and 60.0 C, 
respectively, under the similar experimental conditions. 

The finding that a rather abrupt loss of heat and 
germicidal resistance was observed in the initial step of 
spore germination is of great interest. At this stage of 
germination, no distinct swelling begins and no appre- 
ciable synthesis of cellular high molecular weight 
substances oecurs (Yanagita, 1957). Further biochem- 
ical studies on the initial phase of spore germination 
might give a clue to the elucidation of these important 
phenomena. 
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SUMMARY 


Mycelial fragments of Aspergillus niger strain 1617, 
prepared by blending mycelial pellets, were found to be 
usable as a test organism in the quantitative evaluation 
of mycostatie (or mycocidal) activity of antifungal 
agents. Using these fragmented mycelia and spores, a 
comparative and quantitative method for determining 
fungitoxicity against fungal mycelia and spores was 
presented. 

The sensitivity to various agents and heating of 
mycelia was compared with that of spores, and the 
general concept of fungitoxicity was discussed. The loss 
of germicidal and heat resistance of the spores in the 
early phase of germination was demonstrated. 
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The literature contains many different test procedures 
for the determination of the efficacy of disinfectants for 
the clinical thermometer. None of these methods is 
representative of the actual conditions encountered in 
the field. The purpose of our investigation was to de- 
velop a test method that reflects actual field conditions 
and to evaluate the efficacy of some common disinfect- 
ants by this method. 

In the past, the investigators of thermometer disin- 
fectants have used artificial conditions in their test 
procedures. Tor example, Gershenfeld et al. (1951) 
contaminated thermometers with a broth culture of 
microorganisms containing citrated plasma. Ritter 
(1956) contaminated glass rods with mucin inoculated 
with microorganisms. Ecker and Smith (1937) smeared 
thermometers with sputum taken from patients with 
Type 1 lobar pneumonia, and Frobisher et al. (1953) 
also used sputum, but from patients with active pul- 
monary tuberculosis. It is obvious that broth cultures 
of microorganisms with organic matter do not duplicate 
practical field conditions. Sputum serves as a source of 
microorganisms in a natural environment; however, it is 
unlikely that sputum would be found on oral thermom- 


eters after use. In our study we decided to use ther- 
mometers from mouths of patients suffering with a 
variety of infections in order to obtain on the thermom- 
eter a representative spectrum of microorganisms in 
their natural environment. 


MATERIALS AND METHODS 


Thermometers. Becton, Dickinson! oral thermometers, 
from which the mercury was removed by breaking the 
upper end and centrifuging, were used for the test. The 
broken end was sealed and fire polished before using. 

Disinfectants. All disinfectant solutions were prepared 
on a volume per volume basis in sterile distilled water. 
The following disinfectants were tested: 

Ethyl alcohol 

Synthetic phenolic (p.c. 10)? orthohydroxydiphenyl 
and para-tertiary-amy! phenol solubilized by potassium 
ricinoleate. p 

Synthetic phenolic (p.c. 5) orthohydroxydiphenyl 
solubilized by potassium ricinoleate. 

Commercial iodophor, iodine solubilized by nonionic 
detergent; 1.6 per cent available iodine. 

' Becton, Dickinson and Company, Rutherford, New Jersey. 

2 p. e.= Phenol coefficient. 
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lodophor, iodine solubilized by nonionic detergent; 
2 per cent available iodine. 

Benzalkonium chloride 

Tincture of benzalkonium chloride, 0.1 per cent 
anhydrous benzalkonium chloride in 50 per cent ethy! 
aleohol. 

Formaldehyde 

Media. Thermometers were cultured in Difco fluid 
thioglycolate medium. Thermometers that had been 
immersed in the quaternary ammonium compound 
were cultured in Difco fluid thioglycolate broth con- 
taining 0.5 per cent Tamol N* (Goetchius, 1949) in 
order to obviate bacteriostasis. 

Method. About 50 thermometers were placed in a 
covered enameled tray and sterilized each time before 
use at 165 C for 90 min. The thermometers were taken 
to the wards of a general hospital and were placed in 
the mouths of surgical and medical patients by the 
nursing staff. They were collected in a second sterile 
tray and returned to the laboratory for disinfection 
studies. The above routine was continued once weekly 
for about 8 months. 

The thermometers were disinfected 3 to 4 hr after 
removal from the patients’ mouths. It was observed 
that all thermometers were dry at this time. Each was 
placed in a sterile capped tube containing sufficient 
disinfectant (about 20 to 25 ml) for complete immersion. 
After 15 min at 20 C, each thermometer was rinsed by 
agitating for 10 sec in a tube containing 30 ml of sterile 
distilled water. Each was then transferred to a tube 
containing 10 ml of broth. All tubes were incubated for 
7 days at 37 C. At the end of the incubation period, 
each tube was observed for the presence of growth. 
Gram stains were made from all tubes exhibiting growth 
to determine the type of microorganism present. A few 
tubes were found to contain spore-bearing bacilli and 
these were eliminated from the test results since none 
of the disinfectants is sporicidal under the test condi- 
tions. 

Two types of controls were included. The first series 
of controls was made to ascertain the presence of viable 
microorganisns on all thermometers and to determine 
the types of microorganisms found. For these tests, 
sterile distilled water was substituted for the disinfect- 
ant in the above procedure. The second series of controls 
was made to determine the probability of air contam- 
ination during transfer of the thermometers since this 
operation was carried out in a large laboratory. In this 
instance, sterile thermometers and sterile distilled water 
were used and the procedure as described above was 
followed. 

Method to demonstrate elimination of bacteriostasis in 
the culture tubes. Following the above procedure, five 
thermometers from each of the disinfectant solutions 
were placed in one tube containing 10 ml of the appro- 


3 Rohm & Haas Co., Philadelphia, Pennsylvania. 
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priate culture broth. On inoculation with 0.01 ml of 
fresh saliva, growth was normal in 24 hr. 


RESULTS AND DiscussION 

The results of all tests and findings are summarized in 
table 1. It is evident from the transfer of 100 sterile 
thermometers that 2 per cent became contaminated 
during transfer due to air-borne microorganisms. Con- 
sequently, in the interpretation of the results, allowance 
should be made for the possibility of air contamination, 
In drawing conclusions as to the reliability of a disin- 
fectant, we have considered the number of positive 
tests and the types of microorganism found as con- 
taminants. The presence of streptococci indicated that 
the disinfectant was not reliable. It is estimated that 
air contamination is probably of the order of 0 to 4 
per cent. The results in table 1 have been interpreted as 
follows: 

Ethyl alcohol: 70 per cent ethyl alcohol is a reliable 
disinfectant for oral thermometers, whereas 50 per 
cent ethyl alcohol is not. 

Phenolics: both synthetic phenolics were found to be 
reliable disinfectants for oral thermometers. 

Iodine: iodine solubilized with nonionic detergents 
was found to be an unreliable disinfectant for oral 
thermometers at concentrations as high as 200 ppm 
available iodine. 


TABLE 1 
Results of treatment of thermometers with various disinfectants 
at 20 C 


Type of Microorganism Found 


Ble 12 Per 
& | 8 8 | @S| 66) 6S ative 
~ 1a} & |88| Gs) Gs! 3 
Ethy] alcohol 
50% eer 50 7 1 1 5 86 
70% a each 100 3 1 1 1 97 
Phenolics 
2% Synthetic phe- 
nolie (p.c. 10)...... 100 1 1 99 
3% Synthetic phe- 
noe 19.0. 2) :....+. 100 3 1 a 97 
Iodine 


0.5% Commercial io- 
dophor (75 ppm 
available iodine).... 

2% Iodophor (200 
ppm available io- 


50|18|12| 3; 2| 2; 1) 6 


dine) .. 081 6) 213); 3) 1 94 
Benzalkonium chloride 
0.1% Aqueous..... | 91 2] 3] 2] 1] 21s 
0.1° Tincture. . 100. 4 3 1 9% 
Formaldehyde 10%.....100 1 1 99 
Water control...... 100 100 | 80' 75; 2) 3 0 
Transfer of sterile ther- 
mometers 100 | 2 1 1 98 
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Benzalkonium chloride: an aqueous solution of 0.1 
per cent benzalkonium chloride was found to be an 
unreliable disinfectant for oral thermometers. The 
addition of alcohol improved the performance of the 
compound. The results with 0.1 per cent tincture benz- 
alkonium chloride indicate that this preparation may 
be a reliable disinfectant for oral thermometers. How- 
ever, it should be pointed out that the survivors 
found from this test were gram-negative bacilli. The 
quaternary ammonium compounds have their least 
activity against this type of microorganism. 

Formaldehyde: an aqueous solution of 10 per cent 
formaldehyde was found to be a reliable disinfectant for 
oral thermometers. 

Our results differ in several instances with those of 
previous investigators. For example, Ecker and Smith 
(1937) found that 70 per cent ethyl alcohol did not 
disinfect thermometers in 5, 10, and 30 min. Frobisher 
et al. (1953), after evaluating 70 per cent ethyl alcohol 
and 10 per cent formaldehyde, did not recommend 
either preparation as reliable disinfectants. We have 
found both to be reliable disinfectants in this study. 
However, it should be pointed out that the latter 
authors used contact periods of 10 min vs 15 min in our 
study; and they also were evaluating disinfectants 
against VW ycobacterium tuberculosis. All the preparations 
found to be reliable disinfectants in this study also 
exhibit tuberculocidal action. Since this organism was 
not a consideration in this investigation, a study is in 
progress on the disinfection of thermometers used by 
patients with active pulmonary tuberculosis and will be 
reported later. 
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SUMMARY 


A test procedure is described that is representative 
of conditions encountered in the field in the disin- 
fection of oral thermometers. The efficacy of several 
common disinfectants was evaluated according to this 
procedure. It was found that 70 per cent ethyl alcohol, 
2 per cent synthetic phenolic (p.c. 10), 3 per cent 
synthetic phenolic (p.c. 5), 10 per cent formaldehyde, 
and a tincture of 0.1 per cent benzalkonium chloride 
were reliable disinfectants for thermometers at 20 C in 
15 min. The results indicate 50 per cent ethyl alcohol 
aqueous, 0.1 per cent benzalkonium chloride, and 2 per 
cent of an iodophor (200 ppm available iodine) failed 
to disinfect. 
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The use of carbohydrates in fermentation reactions 
has remained one of the most important approaches to 
the problem of identifying and classifying enteric 
bacteria. Of the many types of carbohydrates available, 
there appears to be less reference in the literature to the 
glycosides than any other group of carbohydrates. 
Previous attempts have been made to point out their 
possibilities but few, except for salicin, have been 
adapted for standard or routine tests. Van der Leck 
(1906) investigated the reactions of enteric organisms 
on esculin. Twort (1907) was perhaps the first to test 
and evaluate systematically the use of glycosides in 
bacteriology. He believed them to be of supplementary 
value in fermentation tests for bacteria. Castellani 
(1912) reported that a number of aerobic intestinal 
bacteria were able to ferment salicin, producing acid 
and gas. Arbutin, in an agar medium, was recommended 
by Gosio (1917) as an aid in differentiating intestinal 
types of bacteria. Wokes and Irwin (1927) observed the 
ability of certain of the Salmonella group of food- 
poisoning bacteria to ferment glycosides. Salicin, escu- 
lin, and arbutin were the principal glycosides used. 
Methyl-a-p-glucoside was found satisfactory by Koser 
and Saunders (1932) for the differentiation of A erobacter 
aerogenes from Escherichia coli, and Tittsler and Sand- 
holzer (1935) reported that all Aerobacter types de- 
composed the glycoside, but none of the /. coli types did 
Rustigian and Stuart (1945) noted considerable 
differences between strains and species of the genus 
Proteus in their ability to ferment salicin. 

The study reported here was an attempt to re- 
evaluate some of the earlier work since, in many cases, 
details of procedure were not clearly stated and often 
no reference was made to the relative purity of the 
ingredients used. In addition, fermentation reactions 
employing the five glycosides were conducted to deter- 
mine if any of the methods and results could be simi- 
larly performed by laboratory technicians as additional 
aids in bacteriological studies involving the enteric 
groups of bacteria. 


so. 


MATERIALS AND METHODS 


A. Liquid media. The glycosides used in this investi- 
gation were obtained from several commercial sources. 


1 Portion of thesis submitted for the Ph.D. degree, June, 
1957. 


Aloin was obtained from Merck & Co., Inec., Rahway, 
New Jersey; from the Difco Laboratories, 
Detroit, Michigan; esculin from 8. B. Penick Company, 
New York, New York; arbutin from Nutritional Bio- 
chemicals Corp., Cleveland, Ohio; and methyl-a-p- 
glucoside from the Eastman Kodak Company, 
Rochester, New York. 

A complete and detailed quantitative analysis of each 
glycoside was not undertaken but several tests were 
used to insure the suitability of the compounds for 
these studies. In addition to solubility, specific rotation, 
melting points, and moisture content, the glycosides 
were subjected to tests to determine the presence or 
absence of reducing sugars. Results from using Bene- 
dict’s solution and paper chromatography revealed that 
all glycosides appeared to be free from the presence of 
hexose or pentose impurities. Owing to variations in 
respective solubilities, the final concentrations em- 
ployed for the compounds consisted of the following: | 
per cent for salicin, arbutin, and methyl-a-p-glucoside; 
0.1 per cent for esculin; and 0.35 per cent for aloin. 

One hundred and forty seven cultures, representing 
most of the genera of the family Enterobacteriaceae (with 
the exception of the tribes Serraticae and Erwinicae), 
were studied (table 1). The breakdown of the cultures 
as species or strains was as follows: 19 Escherichia, 10 
Aerobacter, 8 Klebsiella, 20 Proteus, 2 Providence Group 
60 Salmonella, 27 Shigella, and 1 Alkalescens-Dispar 
Group. These cultures were maintained in semi-solid 
agar (nutrient broth with 0.5 per cent agar). 

The liquid media used in the investigations included 
phenol red broth base (BBL)? and purple broth base 
(Difeo).* Both media were used in culture tubes (10 by 
110 mm) containing inverted tubes. The media were 
prepared in two ways. In the first, the medium con- 
taining the glycoside was pipetted in 3-ml amounts into 
the tubes which were stoppered with cotton and auto- 
claved at 115 C for 12 min. The second method con- 
sisted in autoclaving a part of the basal media in the 
tubes (to insure filling the inserted tubes), and then 
appropriate quantities of Seitz-filtered solutions of 
basal media containing glycosides were added to the 
tubes with care taken to insure that the final concentra- 
tion of ingredients in the tubes was the same as that in 


salicin 


2 Baltimore Biological Laboratories, Baltimore, Maryland. 
3 Difeo Laboratories, Detroit, Michigan. 
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the corresponding tubes sterilized entirely by auto- 
claving. 

Tubes of medium containing the appropriate glyco- 
side were arranged in triplicate for both the autoclaved 
and filtered sets. As controls, two tubes of phenol 
red broth and two of purple broth, without glycosides, 
were included. The inoculum consisted of several drops 
from a 1 ml pipette of a saline suspension prepared 
from a nutrient agar slant culture incubated at 37 C 
for 24 hr. All tubes were incubated in a constant tem- 
perature water bath at 37 C. Tubes indicating no 
change due to fermentation reactions were incubated 
for 14 days before being declared negative. Tests were 
repeated a number of times in all cases in which no 
uniform reactions were obtained until a satisfactory 
conclusion could be reached. 
| B. Solid media. The solid media employed for tube 
studies in this project included purple agar base (Difco) 
and phenol red agar base (BBL). Both were prepared 
according to specified directions accompanying the 
material. The media were divided into lots and to each 
portion was added separately a sufficient amount of 
the particular glycoside to obtain 0.5 per cent concen- 
trations of arbutin, salicin, and methyl-a-p-glucoside, 
and 0.1 per cent esculin. It was found that there was no 
need to alter the pH in any of the media, except the 
one containing esculin in which the pH was slightly 
lowered. Culture tubes (10 by 110 mm) were filled with 
approximately 4 ml of the medium while it was still 
fluid. The media was then autoclaved at 115 C for 12 
min. The pH was checked after autoclaving and found 
to be unchanged. Controls of media without the glyco- 
side were similarly prepared. The freshly sterilized 


TABLE 1 
Numbers of strains of organisms representing the enteric genera 
and species included in the study 


Escherichia coli Sepals, St | CRS MRUMIROMBBS c/s cos cisiais 3 
E. freundit.... . 6) S. choleraesuis var. kunzen- 
oS ee ee eee 2 
E. ‘‘para’’. oy « 
E. ‘‘para”’ (Bethesda).... 1 | S. typhimurium.......... 4 
Aerobacter aerogenes. . 6! S. ser. oranienburg... 1 
A. cloacae Sate 3 | S. ser. newington........... 1 
A. “para”’ 1 | S. anatis (S. ser. anatum).. 2 
Klebsiella pneumoniae S| BS. REPS ervO ss s:2 ete 
Proteus vulgaris Oe, ee 5 
P. morganii 3.| S. pullorum..... : 2 
P. retigeri 3 | S. ser. bonariensis. . . 1 
P. mirabilis GC | S: phos... ... 5.5... 5 
Providence Group... Mee ee 6 
Salmonella ser. montevideo 2 | S. schottmuelleri.. . 7 
S. ser. newport ; 2 | Shigella dysenteriae. 7 
S. ser. senftenberg 2 | S. paradysenteriae......... 9 
S. ser. florida O| Se DOWN . 2555... 4 
S. ser. illinois Be | ee BORNER ai. 6 5s ccux 5 
S. ser. kentucky 1 | S. ser. ambigua. . 1 
S. ser. panama 1 | S. alkalescens........ pehs- th 
S. ser. tennessee 1 | Alkalescens-Dispar Group.. 1 
S. abortus-equi 1 
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tubes were then placed in a slanted position and allowed 
to congeal. Samples of all media were incubated at 37 C 
for 24 hr to insure sterility before use. 

Inoculations were made in triplicate by streaking 
the surface of the slant and making a stab into the butt 
from a 24 hr nutrient agar slant culture of the organism. 
The inoculated tubes, along with the controls, were 
placed into metal racks and then into a constant tem- 
perature water bath regulated at 37 C. Readings for 
acid and gas production were taken after 24 and 48 hr 
intervals. 

Petri dishes were also poured with the media pre- 
pared in the same manner as for the agar tubes. The 
dishes were streaked from 24 hr nutrient agar slant 
cultures of the organisms. Two plates of each type of 
glycoside medium were inoculated in addition to two 
plates of media without the glycoside. All plates were 
placed in a 37 C hot air incubator and observations 
were made at the end of 24 and 48 hr. 


RESULTS 


Color changes due to alteration in pH of the media 
(tables 2 and3) seemed to be more easily discerned inthe 
liquid media in many instances than on solid media. 
In a few cases, notably with arbutin, reactions observed 
with certain strains on plates of solid media were not 
seen when the same strains were grown in liquid media. 
Phenol red and bromcresol purple were used as the pH 
indicators and they both appeared to be satisfactory. 
No evidence was obtained which would indicate that 
one pH indicator was superior to the other within the 
scope of these experiments. 

In no instance was it possible to detect any hydrolysis 
in the glycosides resulting from heat sterilization of the 
liquid media. Therefore, the solid media subsequently 
used in the work were sterilized by autoclaving since 
there seemed to be no advantage of the filtered over 
the autoclaved media. The temperature used for auto- 
claving was effective for sterilization in all cases. 

Several clear-cut instances were noticed in which 
typical A. aerogenes strains could be differentiated from 
typical HF. coli strains. All strains of A. aerogenes tested 
in liquid medium containing methyl-a-p-glucoside pro- 
duced acid gas, whereas tubes of this medium inoculated 
with F. coli showed no reaction at the end of 14 days. 
This observation is in agreement with that of previous 
investigators, Koser and Saunders (1932), and Tittsler 
and Sandholzer (1935). 

Arbutin agar plates streaked with A. aerogenes 
organisms showed a distinct dark red-brown to black 
discoloration around the colonies at the end of 48 hr; 
the plate was also intensely discolored to some extent in 
the areas of agar adjacent to the growth. The plates 
containing arbutin and streaked with EF. coli did not 
show this dark discoloration even at the end of incuba- 
tion for 5 days, but in some of the plates there appeared 
a light rust-colored discoloration around a few of the 
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colonies. The F. coli strains tested appeared to be able 
to produce two types of colonies from the same strain: 
one type produced a red-brown discoloration of the 
medium containing arbutin, while the other type pro- 
duced no apparent change. 


TABLE 2 


Reactions in n liquid media containing glycosides 


Oe bee etetes: 
Salicin® Arbutin* Esculin* 
Escherichia coli (11) 5 AG 4 AG 2 AG 11— 
5 (AG) | 6 (AG) | 2 (AG) 
1— 1-- 1A 
2 (A) 
lV 
3— 
E. freundii (6) 1 (AG) | 1 AG 1 (A) 1 AG 
2A 1 (AG) | 5— 5— 
3— 3V 
i. 
E. *‘para’’ (1) 1 AG 1 AG 1V 1— 
E. ‘“‘para’’ (Bethes- | 1— i— 1V 1—- 
da (1) 
Aerobacter aerogenes 5 AG 6 AG 4 AG 5 AG 
(6) 1 (AG) 1 (AG) | 1 (AG) 
lV 
A. ‘‘para”’ (1) 1A 1A 1A 1— 
A. cloacae (3) 3 AG 3 AG 3 AG AG 
1 (AG) 
Klebsiella, pneumo- 6 AG 6 AG 5 AG 5 AG 
niae (8) 1\ 1(AG) |2A 2 (AG 
1— 1— 1-- 1- 
Providence Group (2) | 2— 2— 2— 2— 
Proteus vulgaris (8) 1 AG 1 AG 1 AG 4 AG 
1A 7- 7- 2 (AG) 
6— 1A 
1V 
P. retigeri (3) 1A 1A LA 3— 
2— 2- 2— 
P. morganii (3) 3- 1\ 2V 2 \ 
2— 1— 1— 
P. mirabilis (6) 3 (A) 6— 6 6— 
3— 
Shigella dysenteriae -- 1 (A) — — 
(7) 6- 
S. paradysenteriae (9) — 2 (A) -- 
7 
S. sonnei (5) — 5 (A) -- 
Salmonella — senften- ~- 1 (AG) . = 
berg (2) 1- 
S. anatis (2) (S. ana- 1 (AG) - — 
tum) 1— 
S. schottmuellert (7) — 1V 1V _ 
6— 6— 
9 AG 


S. ser. florida (9) — 


Mates 
A = Acid produced within 48 hr. 
AG = Acid and gas produced within 48 hr. 
(A) = Acid produced after 48 hr. 
(AG) = Acid and gas produced after 48 hr. 
V = Reaction of organism is irregular and/or variable. 
— = Negative after 14 days. 
* Numbers indicate numbers of organisms tested. 
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The intermediate forms did not all show these 


differences. 


In agar plates the A. “para” and the 
E. “para” 


cultures produced a dark red-brown dis- 
coloration, similar to that of the A. aerogenes strains. 

The A. cloacae strains tested followed almost identi- 
cally the fermentation pattern established by the A. 
aerogenes. Both species fermented the glycoside rapidly 
with the formation of acid and gas in liquid culture. All 
strains of A. cloacae produced a dark red-brown dis- 
coloration on arbutin agar plates. 

The eight strains of K. pneumoniae tested showed 
fermentative capacities similar to the Aerobacter strains. 

The Aerobacter species definitely showed a greater 
fermentative ability for these particular glycosides 
than did the Escherichia strains. In addition, acid and 
gas production was often observed sooner in tubes 
inoculated with Aerobacter species than with any other 
cultures. 

The Proteus species varied in their fermentative 
abilities, but only the P. vulgaris strains produced a 
uniform fermentation of any particular glycoside 
(methyl-a-p-glucoside). One strain of P. vulgaris pro- 
duced acid and gas from all the glycosides within 48 
hr and the colonies of this strain were black on a yellow 


TABLE 3 














Reactions in solid media (tubes) ) containing the glycoside 
Ie Glycoside Methyl-a-p- 
See ie =e ‘oi glucoside* 
Salicin* Arbutin® Esculin* 
Escherichia coli (3) 1AG 1 AG 3— 3— 
1— 1— 
1A 1A 
E. freundii (2) 2— 2— 2— 2 
E. “‘para”’ 1A 1 AG 1— 1— 
E. ‘‘para’’ (Bethes- | 1— 1— 1— 1— 
da) (1) 
Aerobacter aerogenes | 2 AG 2 AG 2 AG 2 AG 
(2) 
A. ‘‘para’’ (1) 1A 1A 1— 1A 
4. cloacae (2) 2 AG 2 AG 2 AG 2 AG 
Klebsiella pneumo- | 1 (A) 1 (A) 1A 2— 
niae (3) 1— 1— 1— 1 AG 
1 AG 1AG 1AG 
Providence Group (2) | 2— 2— 2— 2— 
Proteus vulgaris (3) 1A 1A 3A 1 1A 
2— 2— 2— 
P. rettgeri (2) 1A 1A 2— ;} 1A 
1— 1— 1— 
P. morganii (2) 2— 2— 2— 2— 
P.. mirabilis (2) 2- 2— 2— 2- 
Shigella species — — — 
Salmonella ser. flor- — — 3 AG — 


ida (3) 


Note: 
A = Acid produced within 48 hr. 
AG = Acid and gas produced within 48 hr. 
(A) = Acid produced after 48 hr. 


- = Negative after 14 days. 
. Wevitiead indicate numbers of organisms tested. 
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colored medium at the end of 48 hr on arbutin agar 
which seemed to be characteristic of this strain. 

As a group, the Salmonella cultures showed very 
little activity in fermenting the glycosides. All strains of 
S. ser. florida tested produced acid and gas from methyl- 
a-b-glucoside within 48 hr and the fermentation was 
observed in all types of media used. The glycosides 
used in this research seem to have a limited use as a 
means of differentiating Salmonella organisms from 
each other, except for the reaction of the S. ser. florida 
cultures when growing in media containing methyl-a-p- 
glucoside. 

The Shigella strains also showed little fermentative 
activity for the glycosides. Salicin, methyl-a-p-gluco- 
side, and esculin apparently were not utilized by these 
organisms. Some of the strains showed some fermenta- 
tive activity with arbutin in liquid media. 

The glycoside aloin was investigated as a possible 
means of biochemically identifying or classifying some 
of these bacteria. Unfortunately, the chemical rapidly 
discolors the substance in either acid or alkaline range 
to such an extent that color changes due to an alteration 
of pH are of questionable value. 


DiscuUSSION 

The glycosides constitute a group of compounds that 
may be employed as additional fermentation substrates 
in the identification of enteric bacteria. Salicin has 
already been widely employed for this purpose and the 
results of this investigation appear to demonstrate that 
arbutin and methyl-a-p-glucoside also warrant further 
consideration in this regard. 

The realization that biochemical fermentation reac- 
tions are of considerable value even where antigenic 
studies are carried out may also tend to encourage wider 
use and adoption of these chemical compounds. These 
facts become increasingly more significant because, in 
general, textbooks, identification charts, and even 
Bergey’s Manual of Determinative Bacteriology seldom 
mention the possibility or value of reactions obtainable 
by the use of glycosides other than salicin. Earlier work 
has demonstrated, from a negative standpoint, that 
variability of reactions occurs when some of these 
chemicals are used. From a positive standpoint, some 
of the glycosides such as methyl-a-p-glucoside are able 
to show differences which are quite consistent in differ- 
entiating A. aerogenes from E. coli. Results showing both 
conditions were observed during these studies but there 
is evidence that consistency in reaction can be obtained 
in several instances. This was particularly true in the 
use of arbutin. 


When arbutin was used as a fermentable substrate, 
particularly in agar plates, a distinct difference in reac- 
tion was detectable between A. aerogenes and EF. coli. 
This effect possibly may be employed as a further 
characteristic in studies in which these two micro- 
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organisms are involved. This procedure is not pre- 
sented as a substitute for tests or reactions currently 
used to study these two organisms, but may prove to 
be a means of eliminating or resolving questions per- 
taining to the intermediate types within both species. 
It was also noteworthy to realize that all five strains of 
S. sonnei used in this work produced acid from arbutin 
in liquid media. 

Of distinct interest was the observation that, of the 
strains of Salmonella types used in this study, only the 
S. ser. florida cultures produced acid and gas from 
methyl-a-p-glucoside within 24 hr. All nine were con- 
sistent in this regard. No explanation is offered at this 
time to explain this unique fermentation reaction. The 
inability of the Salmonella cultures in general to ferment 
the glycosides seems to be a generic characteristic and 
could serve as a delineating factor in any future changes 
contemplated in bacteriological classification. 
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SUMMARY 


Evidence has been presented to indicate that 
glycosides other than salicin may have important 
differential value in determinative bacteriology in- 
volving members of the family Lnterobacteriaceae. 
Methyl-a-p-glucoside was confirmed as a reliable diag- 
nostic supplement to differentiate Escherichia coli 
from Aerobacter aerogenes. It was also demonstrated 
that, of the Salmonella cultures studied, Salmonella 
ser. florida consistently fermented this glycoside. Petri 
dish cultures of arbutin agar were also shown to reveal 
sufficient differences between F. coli and A. aerogenes to 
suggest this medium being used as an adjuvant test 
when comparisons between these two cultures are being 
designated. All cultures of Shigella sonnei were 
‘apable of producing acid from arbutin, which seemed to 
be a unique discovery. No distinct advantage of one 
over the other between phenol red and bromcresol 
purple as pH indicators was obtained. The glycosides 
were found to be heat-stable as used in these tests. 
Aloin proved unsatisfactory for this type of investiga- 
tion. 
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The bacteriology of metal-cutting fluids has received 
considerable attention in the past few years. Research 
has been directed toward identifying the bacterial 
flora, understanding the mechanisms of deterioration, 
and finding inhibitors that control bacterial growth in 
these products. 

The aerobic flora of metal-cutting fluids is now known 
to be composed of many different species (Tant and 
Bennett, 1956). It is important to know which species 
grow in these products since they are the organisms 
involved in deterioration. 

Growth studies of bacteria in cutting fluids have been 
reported by Fabian and Pivnick (1953), Pivnick et al. 
(1954), Pivnick and Fabian (1954), and Samuel- 
Maharajah ef a/. (1956). One report pertaining to sur- 
vival of different species in metal-cutting fluids has 
been made by Bennett and Wheeler (1954.) 

There are several serious technical points which have 
been overlooked in all of these previous studies. In 
practically every instance, the organisms used in the 
growth studies were obtained from stock culture collec- 
tions and not from metal-cutting fluids. Previous 
workers did not use several different commercial 
products (emulsion oils and chemical coolants) to de- 
termine if growth was consistent in all or was limited to 
one or two products. Some of the studies pertained to 
possible industrial health problems rather than to de- 
terioration problems. In the present investigation, the 
authors have tried to overcome these weaknesses in 
order to understand the role of the aerobic flora in 
spoilage of these products. 


EXPERIMENTAL METHODS 


The organisms used in this study were isolated from 
six different metal-cutting fluids used in a large local 
industry. The coolants studied and techniques of isola- 


tion were identical with those described by Tant and 
Bennett (1956). None of the cultures were grown on 
artificial media more than 3 days between the time of 
isolation and further study. 

The following procedure was employed to study the 
growth of these organisms in unused samples of the 
different products. 

1. The six different products were diluted with water 
as recommended by the manufacturer. 

2. A 19.5 ml aliquot of each diluted coolant was 
placed in standard water-analysis test tubes, which were 
plugged and autoclaved at 15 lb pressure. 

3. A suspension of a pure culture of the organism to 
be studied was made in physiological saline solution, 
and 0.5 ml was inoculated into each coolant. 

4. At the time of inoculation, a count was made using 
routine plate count procedures. 

5. The tubes were incubated at room temperature 
for 16 days with constant agitation on an automatic 
shaking machine. 

6. Plate counts were made every 24 hr. 

RESULTS 

Achromobacter species. Two strains of Achromobacter 
species were studied and the results may be found in 
table 1. Both strains failed to grow in the products; 
however, they survived for at least 7 days. 

Aerobacter aerogenes. Three strains of <Aerobacter 
aerogenes were isolated from used samples and studied 
in the various coolants. As can be seen in table 1 none 
of the strains grew in the coolants. The organisms did 
not survive for 7 days in coolants A and C, whereas 
survival for a longer period of time was noted in coolants 
B, D, E, and F. 

Bacillus subtilis. Three strains of Bacillus subtilis 
were studied in the various products. None of the 
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Organism, Strain* 


Achromobacter species, 
25-B-4d 
26-D-6e 
Aerobacter aerogenes, 
22-F-8b 
23-B-2c¢ 
25-D-5a 
Bacillus subtilis, 
21-D-5a 
22-B-2a 
23-D-6a 
Esche richia « oli, 
20-E-7d 
21-D-5b 
23-B-2a 
Escherichia intermedia, 
26-A-4d 
Klebsiella pneumoniae, 
20-C-3a 
22-E-7a 
23-B-4a 
25-D-6a 
Paracolobactrum species, 
25-B-4b 
25-F-8a 
26-D-5a 
26-C-3b 
Proteus morganii, 
26-C-3e 
Proteus vulgaris, 
22-C-3a 
23-D-6a 
25-B-2a 
Pseudomonas aeruginosa, 
26-A-la 
27-D-7a 
28-D-2b 
Pseudomonas oleovorans, 
26-A-le 
27-C-7e 
28-1)-46 
Salmonella typhosa, 
27-D-4d 
Staphylococcus aureus, 
16-B-8a 
17-D-4a 
19-B-2a 


Streptococcus pyogenes, a-hemolytic, 


18-D-5e 
24-F-8a 
25-B-2a 
Yeast species, 
25-B-4a 


25-D-5e 


* The capital letter in the strain number indicates the coolant from which the organism was 


Growth of bacteria in six commercial metal-cutting fluids 
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the symbols: — Did not survive 7 days; + Survived at least 7 days, but did not multiply; + To 500,000 cells per ml; ++ 500,000 
to 5,000,000 cells per ml; +++ 5,000,000 to 50,000,000 cells per ml; +++-+ 50,000,000 to 300,000,000 cells per ml; and +++++ 


Over 300,000,000 cells per ml. 
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strains grew in the coolants; however, they were ca- 
pable of surviving for short periods of time. 

Escherichia coli. Three strains of Escherichia coli 
were studied and the results may be found in table 1. 
One strain (20-E-7d) did not survive in any of the 
products whereas two strains (21-D-5b, 23-B-2a) mul- 
tiplied slightly or survived in coolants B, D, E, and F. 
None of the three strains survived more than 5 days in 
coolants A and C. These results indicate that growth 
of FE. coli in metal-cutting fluids is dependent upon 
strain variation and the formulation of the product. 

Escherichia intermedia. One strain of Escherichia 
intermedia was isolated during the present study and 
the results may be found in table 1. This organism did 
not survive in any of the products studied. 

Klebsiella pneumoniae. Four strains of Klebsiella 
pneumoniae were studied in the different coolants. The 
strains exhibited extreme variation in their ability to 
multiply in the various products. A. pneumoniae did not 
grow in coolants A and D, however, some of the strains 
grew in coolants B, C, and E and all strains grew in 
coolant I. The results indicate that growth of K. 
pneumoniae in metal-cutting fluids is dependent upon 
strain variation and the formulation of the product. 

Paracolobactrum intermediates. Pure cultures of the 
genus exhibited wide variation in their ability to grow 
in the different products (table 1). None of the strains 
survived in coolant A, however, all of the strains grew 
in some of the other products. These results indicate 
that growth of Paracolobactrum sp. in metal-cutting 
fluids is dependent upon strain variation and the 
formulation of the product. 

Proteus morganii. One strain of Proteus morganit 
was studied and the results may be found in table 1. 
This organism did not survive in any of the products. 

Proteus vulgaris. Three strains of Proteus vulgaris 
were studied and the results may be found in table 1. 
All of the strains multiplied rapidly in five of the 
products, however, none of the strains survived in cool- 
ant A. On two occasions, a definite putrefactive odor 
was noticed in cutting fluids where pure cultures of 
this organism were growing. P. vulgaris may be re- 
sponsible for part of the odor associated with spoiled 
metal-cutting fluids. 

Pseudomonas aeruginosa. The results of the study 
of three strains of Pseudomonas aeruginosa in metal- 
cutting fluids may be found in table 1. All strains grew 
rapidly in all of the products studied. 

Pseudomonas oleovorans. Three strains of Pseu- 
domonas oleovorans were studied and the results may be 
found in table 1. The three strains were able to grow 
rapidly in all products. 

Salmonella typhosa. During the present study, 
Salmonella typhosa was isolated from a sample of cool- 
ant D, collecting point 4 (see paper by Tant and 
Bennett, 1956). The cultures gave characteristic bio- 
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chemical reactions of the species and identification was 
confirmed by the use of Salmonella typing antiserum 
(Lederle).! 

Following identification, the culture was studied for 
its ability to grow in the various products. The organism 
multiplied in four of the six coolants studied (table 1), 

Staphylococcus aureus. Three strains of Staphylococcus 
aureus were isolated from used coolants and studied in 
the different products. Table 1 shows that S. aureus 
did not survive more than a few days in any of the 
products studied. The one exception, culture 17-D-4a, 
was originally isolated from coolant D and, when re- 
inoculated into it in pure culture, attained a maximum 
count of 1,200,000 cells per ml in 5 days. The results 
indicate that in rare instances this organism may be 
able to adapt to a particular coolant. 

Streptococcus pyogenes. Three strains of Streptococcus 
pyogenes were studied in different products and the 
results may be found in table 1. None of the strains 
were able to survive for more than 4 days. 

Yeasts. Two cultures of unidentified yeast isolated 
from used metal-cutting fluids were studied and it was 
found that the strains did not survive in the products. 

Discussion 

The results of the present study and that of Tant 
and Bennett (1956) show that metal-cutting fluids con- 
tain a considerable number of different species of bac- 
teria. However, the great majority of these species do 
not grow in the products. Fifteen different species of 
microorganisms were studied and only eight grew in the 
coolants studied (tables 2 and 3). 


1 Lederle Laboratories, Pearl River, New York. 


TABLE 2 
Organisms which grow in metal-cutting fluids 





Escherichia coli* 
Klebsiella pneumoniaet 
Paracolobactrum speciest 
Proteus vulgarist 
Pseudomonas aeruginosat 
Pseudomonas oleovoranst 
Salmonella typhosat 
Staphylococcus aureus* 


* Limited growth in a few products. 
+ Grows abundantly in many products. 
t Grows abundantly in all products. 





TABLE 3 
Organisms which do not grow in metal-cutting fluids 





Achromobacter species 

Aerobacter aerogenes 

Bacillus subtilis 

Escherichia intermedia 

Proteus morganii 

Streptococcus pyogenes, a-hemolytic 
Yeast species 
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Pseudomonads were the only organisms that grew 
abundantly in all coolants. Sabina and Pivnick (1956) 
also found that Pseudomonads were able to oxidize the 
components of emulsion oils. 

Proteus vulgaris can also grow in metal-cutting fluids. 
The three strains of P. vulgaris were capable of growing 
abundantly in all but one product. The importance of 
this organism in deterioration has been over-looked. 

These results indicate that Pseudomonads and 
Proteus vulgaris are probably most often involved in the 
deterioration of metal-cutting fluids. However, one 
can expect occasionally to find Escherichia coli, 
Klebsiella pneumoniae, and Parcolobactrum species 
growing in the coolants. Bacterial inhibitors that are 
effective against these organisms should be added to the 
coolants in order to reduce spoilage problems. Since 
some of these organisms are among the most resistant 
to antibacterial agents, it seems safe to assume that 
inhibitors which are effective against them will also 
eliminate the many contaminants that are also present. 

This study readily shows why the bacterial flora of 
used coolants changes very quickly after the samples 
are obtained. Pseudomonas and Proteus species readily 
grew in practically all products and it is not surprising 
that within a few hours they make it impossible to 
isolate other species. In addition, many other species are 
dying and consequently cannot be found after a few 
days’ storage. 

The correlation between the previous report by Tant 
and Bennett (1956) and this study is apparent. Tant 
and Bennett found that coolants A and C contained 
fewer different species than the other products studied. 
In the present study, coolants A and C supported the 
growth of Pseudomonads, however, with one exception, 
neither product supported the growth of these organ- 
isms as well as the other products. Proteus vulgaris 
grew in coolant C; the degree of growth was not as 
abundant as in some of the other products. In addition, 
many other species did not survive in coolants A and 
C as long as they did in the other products. Both of 
these coolants are chemical cutting fluids, coolant A 
is manufactured by 8. C. Johnson and Son, Inc., 
Racine, Wisconsin, and coolant C is manufactured by 
the Master Chemical Corporation, Toledo, Ohio. It 


would seem that these chemical cutting fluids either 
contain better inhibitors or do not support bacterial 
growth as well as the other products. 

Coolant D (an emulsion oil) was the poorest product, 
from the bacteriological standpoint, studied by Tant 
and Bennett (1956). This product supported the growth 
of pseudomonads, Escherichia coli, one strain of Staphy- 
lococcus aureus, Paracolobactrum, Proteus vulgaris, and 
Salmonella typhosa. In addition, the amount of growth 
was greater than with the better products. It will also 
be noted that this product also allowed survival of 
many species that were quickly killed in the better 
products. 


SUMMARY 


Fifteen different species of microorganisms were 
studied for their ability to grow in fresh samples of 
six commercial cutting-fluids. Pseudomonads grew in 
all products and Proteus vulgaris grew in all but one 
product. The growth of Escherichia coli, Klebsiella 
pneumoniae, and Paracolobactrum species in metal- 
cutting fluids is dependent upon formulation of the 
product and strain variation. The results indicate that 
Pseudomonads and Proteus vulgaris are the most im- 
portant organisms involved in the deterioration of these 
products. 
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Considerable attention has been directed over the 
last decade toward methods for the rapid identification 
of antibiotics in culture broths. The need for such pro- 
cedures is obvious since extraction and_ purification 
of antibiotic substances involves much expenditure of 
time and effort and thus should be reserved for new 
and potentially interesting materials. Numerous re- 
ports on the use of paper-strip chromatography have 
appeared; however, very little information concerning 
practical application of antibiotic-resistant cultures for 
this purpose has been disseminated. Stansly (1946) 
and Eisman et al. (1946) independently made the sug- 
gestion that antibiotic-resistant cultures would be a 
valuable tool for evaluation of crude antibiotics. Cross 
resistance may be defined as the relationship between 
two antibiotics which is revealed by the increase in 
resistance to one antibiotic which develops when a 
test microorganism becomes specifically resistant to a 
second antibiotic. The complexity of the interrelation- 
ships of antibiotics from the standpoint of development 
of resistant cultures has been studied in detail by 
Szybalski (1953, 1954) and Szybalski and Bryson (1952, 
1954). Since cross-resistance testing may be an im- 
portant tool for the identification of unknown crude 
antibiotics, we consider it worthwhile to detail some of 
our observations and experiences with antibiotic identi- 
fication. 


MetTHopDS AND RESULTS 


All of the resistant cultures described in this report 
have been derived from a single sensitive parent, 
Escherichia coli W. The medium employed in this work 
consisted of Difco nutrient broth plus 0.2 per cent yeast 
extract, with 1.5 per cent agar added when solid me- 
dium was required. Except in the case of disc-assay 
plates to be described later, the organisms were culti- 
vated at 37 C in tubes of liquid medium. 

Production of resistant cultures. The simplest method 
of obtaining a resistant culture is to select it by direct 
isolation from the inhibition zone produced by an anti- 
biotic-soaked disc on a seeded agar plate. This tech- 
nique can only be applied in the case of antibiotics, 
such as grisein, which elicit, in a single step, a high 
order of resistance. 

1 Presented at the 57th General Meeting of the Society of 


American Bacteriologists, Detroit, Michigan, April 28 to May 
2, 1957. 


Serial passage of EF. coli through sets of nutrient 
broth tubes fortified with graded concentrations of 
antibiotic has been a useful procedure for selection of 
resistant strains. By means of serial tube concentrations 
it is possible to select strains of 100-fold or greater re- 
sistance over the parent type, even with materials such 
as polymyxin B to which a high degree of resistance 
is not easily developed. The advantages of the tube 
method are obvious. One selects from the entire 
inoculum population and there is opportunity for de- 
bilitated cultures, which might not form visible colonies, 
to develop a slight turbidity. The method, however, 
suffers from three chief disadvantages. The first of these 
is that a large quantity of medium and of antibiotic is 
required, coupled with considerable time and work for 
the development of each highly resistant culture. The 
second important drawback is that the actual number 
of live cells present in the inoculum for each tube of a 
concentration series may be quite small. The third 
disadvantage is the fact that only a single concentra- 
tion of antibiotic, which may not be at the critical 
level for selection of resistance, is present in each tube 
of a series. 

To realize the advantages of tube concentration 
series while eliminating the disadvantages of this pro- 





Figure 1. A modified chemostat for continuous culture. (1) 
Reservoir of sterile medium; (2) side arm for addition of in- 
oculum and antibiotic solution; (3) capillary tube for sterile 
air; (4) growth vessel (suspended in 37 C water bath, not 
shown); (5) capillary siphon tube for overflow; (6) graduated 
vessel to receive effluent; (7) four steel rollers which ‘‘milk” 
the tubing by slowly revolving; (8) a 400-1 gear ratio reduction 
gear; (9) a zero to full speed torque converter; (10) a !4o hp 
motor. 
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cedure, a technique of continuous culture was employed. 
A modified chemostat has been assembled (figure 1) 
which involves a reservoir of sterile medium, a closed 
system pump, and a growth vessel (resting in a 37 C 
water bath) which contains a constant volume of 
approximately 15 ml of medium stirred by bubbles of 
sterile air. The entire apparatus, exclusive of the pump, 
can be sterilized by autoclaving as a unit. Inoculation 
and addition of sterile antibiotic to the growing culture 
is accomplished via a side arm on the growth vessel. 
Once an actively growing culture has been established, 
a concentration of antibiotic is added periodically at a 
level above that which will inhibit growth of the culture. 
As fresh medium enters the growth vessel, the concen- 
tration of antibiotic drops very slowly permitting the 
most resistant portion of the population to grow and 
establish itself as the dominant population. A sample 
of the effluent obtained daily from the growth vessel 
is used to inoculate an assay plate for a test of anti- 


TABLE 1 
Antibiotic resistance developed in Escherichia coli W 


Maximum Conc Permitting Growth (ug per ml)* 
Antibiotic 


E. coli W Resistant | Fold increase 
Streptomycin 1.0 1600 1600 
Streptothricin 1.0 200 200 
Cycloserine 16.0 2000 125 
Pleocidin 0.8 2000 2500 
Chloramphenicol 2.0 500 250 
Chlortetracycline 0.4 100 250 
Oxytetracycline 0.4 150 375 
Neomycin 0.4 >200 500 
Tetracycline 0.8 200 250 
Viomycin 8.0 > 1000 125 
Polymyxin B 0.8 400 500 


* The inhibitory level of each antibiotic for the sensitive 
ind resistant strains was determined by tube dilution assay. 


biotic resistance and is streaked out for a check of cul- 
ture identity and possible isolation. Flow rates of 1.5 
to 3.0 ml per hr have been used. With this technique, it 
is possible to select a resistant culture in a short time 
with relatively small quantities of antibiotic and very 
little effort. 

To carry out cross-resistance tests on solid medium 
by the disc-assay agar-plate technique, it is necessary, 
in most instances, to attain a resistance level of 100- 
fold or greater. Examples of the degree of resistance 
developed to some of the well-known antibiotics are 
presented in table 1. 

Maintenance of resistant cultures. Once a sufficient 
degree of resistance has been attained, the culture is 
purified by single-colony isolation. Storage of resistant 
strains proved to be a problem in many cases, since re- 
version to greater sensitivity occurred readily. To 
circumvent this problem, it has been necessary to lyo- 
philize the fresh isolates. Each time a culture is re- 
quired for testing purposes it is cultured in nutrient 
broth directly from a newly opened lyophilization 
tube, thus minimizing any tendency for change in re- 
sistance levels or cross-resistance characteristics which 
would result from serial passage. 

Cross-resistance testing. Cross resistance is measured 
by comparison of inhibition zone diameters produced 
by 13 mm paper dises soaked with the antibiotic and 
incubated on plates seeded with F. coli W and the 
resistant strains of 4. coli W. A standard amount of a 
24 hr broth culture, adjusted to a standard optical 
density, is used to seed the assay plate medium at 49 C. 
Plates are poured with only 5 ml of seeded agar and 
incubated at 25 C, except for temperature-dependent . 
strains which require incubation at 37 C. Thin agar, 
low incubation temperature, and light inoculum com- 
bine to provide a very sensitive assay. A difference of 
5 to 6 mm in zone diameter is considered indicative of 





Figure 2. Photograph of comparisons of sensitive and resistant cultures in cross-resistance assay. A disc-plate assay of five anti- 
biotic broths on the sensitive parent Escherichia coli W (left) and antibiotic-resistant strain (right). The resistant strain is partially 
resistant to two of these products and completely resistant to the other three antibiotics. The resistant colonies present in two of 
the zones on each plate constitute a useful characteristic for presumptive classification of grisein-like antibiotics. 
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cross resistance. In the case of some of the more highly 
resistant cultures, a difference of 10 mm or more can be 
demonstrated with the specific antibiotic to which the 
test strain is resistant. The results of such a comparison 
are presented in figure 2. 

There is no special advantage to the use of a par- 
ticular size paper disc. Table 2 presents a comparison 
of the use of 13 mm discs with 6.5 mm discs. In general, 
the inhibition zone minus the disc size is roughly equal 
and the same conclusion can be drawn from either data. 
The use of double discs, one on top of another, did not 
result in increased zone sizes. It has been possible to 
obtain increased zone sizes by prolonged diffusion time, 
storage 24 to 48 hr at refrigerator temperature prior 
to incubation. It is also possible to obtain cross-re- 
sistance tests of antibiotics produced by cultures 
growing on a nutrient agar in Petri plates using the 
technique described by Harris and Ruger (1953). Plugs 
of the agar can be cut with a cork borer and used in 
place of paper discs. This may be an advantage in the 
‘vase of antibiotic-producing cultures which do not 
readily produce antibiotic activity in shake flask 
culture. 

Resistant cultures compared to sensitive parent. The 
nature of the resistance manifested by the antibiotic- 
resistant cultures must be viewed as quantitative in 
the sense that it usually represents a shift in the in- 
hibition curve so that the culture is inhibited bya higher 
concentration of the antibiotic. In some instances, the 
level of resistance may be so high that, for practical 
purposes, the resistant culture is indifferent to the 
presence of the antibiotic. In other cases a ‘‘qualitative”’ 
difference in response has been noted, as evidenced by a 
change in the slope of the inhibition curve. Resistant 
_ cultures may show a changed response to other struc- 
turally related or unrelated antibiotics so that they 
appear to be resistant to them or, in some cases, hyper- 
sensitive. These different reactions are demonstrated 
in response of a number of antibiotic resistant strains 


TABLE 2 


Comparison of two disc sizes for cross-resistance assay 


Zone Diameters with Streptomycin 
(5 wg per m!}) 


Test Culture 13 mm Disc 6.5 mm Disc 


Zone in | - - | Zonein | - = 
om Zone-disc oe Zone- disc 


m 
Escherichia coli W........ 19.5 6.5 13.0 6.5 
E. coli strains resistant to: 
Streptomycin...... Ate 0 0 
Streptothricin....... 0 0 
Somepenhe......2. 5)... 21.0 8.0 14.0 7.5 
Pleseidin.............. 0 0 
Chlortetracycline..... 20.3 7.3 13.0 6.5 
WeOmaytin.......-......+- 20.3 7.3 14.0 7.5 
Co ee ees 19.0 6.0 13.0 6.5 
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of F. coli to chloramphenicol (table 3). If the log of the 
chloramphenicol concentration is plotted against the 
diameter of the inhibition zones, a family of curves is 
produced. All of the curves except for neomycin and 
viomycin resistant cultures have a similar slope, with a 
higher or lower intercept depending upon the degree of 
resistance. Some of these data are presented graphically 
in figure 3 to illustrate that in a plate assay of cross re- 
sistance, the scoring of a particular result may be de- 
pendent upon the test concentration. To obtain a valid 
comparison between two antibiotics by cross resistance, 
they should be tested at concentrations which produce 
inhibition zones of similar size against the sensitive-par- 
ent assay organism. 

It has been noted that in many cases the develop- 
ment of resistance is accompanied by a considerable 
debilitation of the culture. Some of the resistant strains 
isolated have been extremely weak-growing cultures 
by comparison with the parent. Most of these weak- 
growing resistant strains have proved to be tempera- 
ture-dependent. It is necessary to cultivate such strains 
at 37 C. Even when these temperature-dependent 
strains are cultivated at 37 C, they tend to revert to 
sensitive strains, which have a tremendous growth rate 
advantage, growing quite rapidly. In practice this 
problem of reversion is avoided by permitting only ¢ 
minimum amount of growth to take place before using 
the cultures in cross-resistance tests. 

Cross-resistance data. The zone diameters from cross- 
resistance tests are reproducible plus or minus 1 mm or 


TABLE 3 
Comparison of chloramphenicol resistance by paper disc assay 


Zone Diameters (mm) with Chlorampheni- 


. . col in wg per ml: 
Test Culture ad 


5 10 20 50 100 
Escherichia coli W......... 0 | 13.3 | 19.0 | 25.0 | 28.7 
E. coli strain resistant to: 

Streptothricin. .......... 0 | 13.0 | 18.0 | 23.0 | 28.7 
i 0 | 18.0 | 20.7 | 26.7 | 31.7 
I eee eee 0 | 18.7 | 20.3 | 24.7 | 27.3 
Streptomycin............ 0 0 | 17.0 | 23.0 | 28.3 
POIGROTEDD ... 565 5s oan 0 0 | 14.3 | 22.3 | 26.3 
Oxytetracycline......... 0 0 0 | 18.2 | 22.3 
Chloramphenicol...... 5 0 0 0 0 ‘0 
Chlortetracycline........ 0 0 0 0 0 


Tetracycline 


RON 6s os os 10.7 | 21.3 |. 22.7 | 24.3 | 24 
Viomycin Sey ee 20.0: | 22.0 | 22.7 | 24.7 | 26.7 
Polvmyxin B.......... 17.0 | 22.7 | 26.7 | 29.3 | 31.3 


The responses of this series of resistant cultures to chlor- 
amphenicol can be divided into four groups as above. From top 
to bottom these are (1) essentially the same as the parent strain 
(E. coli W), (2) somewhat resistant to the antibiotic, (3) very 
resistant, and (4) hypersensitive. 








say 


eni- 


100 


6.3 
2.3 


hlor- 
n top 
train 

very 





1958] 


less from dise to disc. On the basis of examination of 
data obtained in cross-resistance testing, a difference of 
5 mm in zone diameter was selected as a reasonable 
indication of cross resistance. Using this criterion, a 
pattern of cross resistance is established for known anti- 
biotics. To obtain reproducible results it is essential 
that procedures used be standardized very carefully. 
Since a wide range of antibiotics is examined in this 
technique, it is not possible to include an internal 
standard on each assay plate. For this reason, the 
treatment accorded each assay plate must be care- 
fully controlled to avoid differences in inhibition zone 
sizes which can be produced by variation in temperature 
or length of preincubation period (time lapse before the 
antibiotic discs are set on the plates). If the plates are 
refrigerated immediately after pouring and are placed 
at incubation temperature as soon as discs are in posi- 
tion, variations of this sort are held to a minimum. The 
behavior of the resistant cultures can be checked for 
ach experiment by including a standard series of anti- 
biotics for which the pattern of response has been well 
established. 

Since there are so many interrelationships between 
antibiotic resistant cultures, finding that a particular 
unknown is cross resistant with one of the knowns is 
not enough information to identify the material in- 
volved. There are families of antibiotics which are 
reciprocally cross resistant, as well as numerous ones 
with one-way cross resistances, so that it is necessary 
to obtain a cross-resistance spectrum or pattern. Table 
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Figure 3. Chloramphenicol resistance by paper-dise assay. 
Graphs of inhibition zone sizes vs. chloramphenicol concentra- 
tions with several antibiotic-resistant strains of Escherichia 
coli W. This is a graphic representation of the results obtained 
by dise-plate assay of chloramphenicol. Reading from left to 
right the curves represent the responses of strains resistant to 
oxytetracycline (-7); cyecloserine (R-3); the sensitive parent, 
pleocidin (R-4); neomycin (R-8); viomycin (R-10); and poly- 
myxin B (R-11). The curves for cultures resistant to grisein 
(R-12), streptomycin (R-1), and streptothricin (R-2) coincide 
with that for the parent culture. No inhibition is demon- 
strated against cultures resistant to chloramphenicol (R-5), 
chlortetracycline (R-6), or tetracycline (R-9) at these concen- 
trations. 
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4 presents a picture of the interrelationships of 12 anti- 
biotics with their 12 specifically resistant strains of 
FE. coli. In the case of these antibiotics there are two 
main groups. The streptothricin group, to which strep- 
tomycin and cycloserine are closely related, and the 
tetracycline group to which chloramphenicol is closely 
related. Grisein is the most distinctive of the actinomy- 
cete products and thus it is easily recognized. Polymyxin 
B, while it would be easily picked out, shows an unex- 
pected amount of cross-resistance relationship to the 
streptothricin group, all of which is one-way in con- 
trast to the reciprocal relationships within the two 
major groups. If only these 12 products are considered, 
it is relatively easy to pick out streptomycin, 
cycloserine, grisein or polymyxin B, but subdivision of 
the streptothricin or tetracycline groups would be im- 
possible without careful titration of cross-resistance 
levels, an impractical procedure for routine identifica- 
tion tests. In table 5, the relationship of 8 other anti- 
biotics to these same 12 antibiotic resistant strains of 
E. coli W are presented. Three of these products, 
soframycin, streptin, and streptolin A and B, are re- 
lated to the streptothricin group; two, hygromycin and 


TABLE 4 
Summary of the results of disc plate assay of 12 antibiotics on 
the sensitive parent culture Escherichia coli W and the 
strains resistant to each of the antibiotics 


Antibiotics* 
. Z\f\¢ 

Test Culture 5 5 - 'g $ = 3 a 

Fle es( sisi Sigizieizgizi2 

AIN|MIA\I/erl(OL/OUSOO1&H/10!& 
Escherichia coli 
W-sensitive 

parent........ —) —| -|-) -|-|)-|-|>- -|- —- 
E. coli resistant 

to 
Streptomycin...;+ |- |-— |-— |— |— |—- |- |- |- - |= 
Streptothricin. .|+ |+ |+ |-— |+ |-— /-— |— |-— - j4 |- 
Pleocidin....... le le te te I [— [= f= [= lS I 
Neomycin...... Slt lt le i+ [+ [— JH [- [— [-— Ie 
Viomycin.......;+ |+ J+ J+ |+ J+ J- J- |- |- + J+ 
Cycloserine......— |— |— j|- |— |4+ /4 |- |- - |- |= 
Chlorampheni- 

OOM ah ae — f= f= [= J— J— + + I+ lf [- ie 
Chlortetracy- 

CHNG eo. 5..5.. — j— |— |= |= J— [+ |4+ J+ [+ |/- |e 
Oxytetracy- 

OUNNR  fo3 oie —-j-|-j-|j4\/-|4/4]/4+ 4+ - - 
Tetracycline....— |— |— |- |- |+ |+ |+ |4+ 4 - - 
Grisem.......... — j— f— [= J= [= [= J— I [— I+ 
Polymyxin B.../+ |+ |/4*/4 |- j-— |-— j- |—- |—- |— + 
*+ = definite cross resistance, + = borderline cross re- 


sistance, — = 


sensitivity equal to or greater than that of the 


parent strain. 
7 Streptothricin group. 
t Tetracycline group. 
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xanthomycin, to the tetracycline group; netropsin is 
intermediate; albomycin belongs to the grisein group; 
and thioaurin is classed by itself. 

An example of the remarkable specificity which can 
be found in particular resistant strains is evidenced by 
the fact that, with a reisolated set of resistant cultures, 
it is possible to distinguish between most of the mem- 
bers of the closely related tetracycline group (table 6). 
This set of resistant strains was prepared from the 
original series of cultures, which had lost some of their 


TABLE 5 
Cross-resistance patterns of 8 antibiotics obtained with the 
series of 12 antibiotic-resistant strains of Escherichia 


coli W 


Antibiotics* 


Escherichia coli W Resistant to: 


+ 
+ 


Thioaurin 
Streptolin 

A & Bt 
Streptint 
Soframycint 
Netropsin 

mycin 
Hygromycint 
Albomycin 


Xantho 


| 
| 
| 


Streptomycin - 
Streptothricin ~ 
Pleocidin _ 
Neomycin — 
Viomyecin ~ 
Cycloserine _ 
Chloramphenicol - 
Chlortetracycline _ 
Oxytetracycline ih = 
Tetracycline = 
Grisein ....f — |= 
Polymyxin B ....f — | 
*+.4,— as in table 
7 Streptothricin group. 
t Tetracycline group. 


+t ++ 
h++H 
l++HH 
a5 | 
| | 
| | 
+ | 


| 
| 
| 


H | 

HH | | 
H- | 
Wott 
] 


H | 
H | 
| 
| 
| 
+ 


_— 


TABLE 6 
Cross-resistance patterns of 4 antibiotics of the tetracycline 
cross-resistance group obtained with a reisolated set of 
antibiotic-resistant strains of Escherichia coli W 





Reisolated Strains of Escherichia | Chloram- ae. il Tetra- 

coli Resistant to: phenicol cycline cycline cycline 
Streptomycin —* _ ss = 
Streptothricin _ _ = zea 
Pleocidin = - ies =) 
Neomycin _ _ = = 
Viomycin + = = = 
Cycloserine _ = = Z: 
Chloramphenicol?. . + 4. ‘a ie 
Chlortetracyclinet + = Ee 4: 
Oxytetracyclinet _ _ .s at. 
Tetracyclinet 4 cs ra a 


| 
| 
| 
| 


Grisein. 
Polymyxin B _ — = = 


* 4+, — as in table 4. 

{+ It is possible to separate chloramphenicol and chlortetra- 
cycline from each other and from tetracycline or oxytetra- 
eycline with these cultures. 
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resistance during serial passage on slants. Only tetra- 
cycline and oxytetracycline are indistinguishable using 
this series of cultures. These data illustrate the fact that 
ach set of resistant strains isolated may be expected to 
have its own idiosyncrasies especially with regard to 
incidental or unilateral cross-resistant relationships. 

The situation with respect to the cross-resistance 
interrelationships of various antibiotics is obviously 
quite complex. In some cases, entirely different anti- 
biotics may appear identical by cross-resistance pattern, 
This occurs with hygromycin and the tetracycline 
group. If one is comparing the pure substances, no 
confusion arises because the tetracyclines are 10 times 
as active as hygromycin against 2. coli W. Confusion 
may result, however, in testing crude materials in which 
the actual concentration is unknown. On the other 
hand, it is possible to recognize potentially new materi- 
als by the fact that they have only a slight amount of 
cross resistance. Thus a hypothetical antibiotic which 
Was cross resistant with only streptomycin must be 
presumed different from known materials. From the 
the degree of interrelationship found with antibiotics 
which have been isolated to date, it would seem plaus- 
ible that as yet undiscovered materials might have 
incidental or one-way cross resistances with well- 
known antibiotics. For this reason, care must be ex- 
ercised in assuming that unknown antibiotics can be 
screened only on a cross-resistance basis. 

Paper strip chromatography. It is desirable, in identi- 
fying antibiotics, to have some second method of com- 
parison which is based on the chemical nature of the 
substances rather than their biological activities. Paper 
strip chromatography is an obvious answer to this 
requirement. This method of comparison has the addi- 
tional merit of permitting the detection and resolution 
of mixtures, which cannot be accomplished by cross- 
resistance testing. In practice, it is possible to resolve 
many of the antibiotics previously discussed by the 
use of five or six solvent systems, such as employed in 
studies on albomycin (Stapley and Ormond, 1957). 
Ascending paper chromatograms permit the calculation 
of Ry; values for comparison with values previously 
established for known antibiotics. The resolving power 
of most of these systems is limited to antibiotics of 
quite different types. An example of what can be ac- 
complished is provided in figure 4. It is convenient to 
add 0.00333 per cent triphenyl tetrazolium chloride to 
the agar of the bioautograph plates, as suggested by 
Usdin et al. (1954), so that the incubated plate is red 
with contrasting white spots where the antibiotic is 
present. Incubating the bioautograph plates with the 
paper strips in position provides a white background 
which makes the inhibition spots obvious. Sensitivity 
can also be increased by the use of a low incubation 
temperature as in the case of disc assays. Paper chro- 
matograms can be examined with an ultraviolet light 
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and a phosphorescent plate for ultraviolet-absorptive 
spots, a characteristic which facilitates recognition of 
antibiotics such as viomycin. 

The chief disadvactage inherent in paper chromato- 
grams, as a primary evaluation tool for antibiotics, is 
that the R; values obtained with crude antibiotics 
may not agree with those of purified materials. A 
simple partial purification of the antibiotic can over- 
come this difficulty, provided that the type of material 
to be purified is known as in the case where cross-resist- 
ance data have been obtained. A further complication in 
the evaluation of paper chromatogram data is the fact 
that many solvent systems divide the antibiotics into 
the same groups as are found by cross-resistance tests. 
Thus it is not possible with most paper chromatogram 
systems to separate members of the tetracycline family 
or closely related members of the streptothricin family. 
In such cases, special paper chromatogram systems can 
be selected for use based upon cross-resistance informa- 
tion. 

Discussion 

Because there are limitations to the use of both 
cross-resistance and paper chromatogram data, the 
best procedure involves the use of both techniques. A 
suitable combination of tests was reported in our 
studies on albomycin (Stapley and Ormond, 1957) 
with cross resistance serving as the fundamental tool 
for initial classification. The advantage to the use of 
cross resistance as the basis for identification tests 
is that it very quickly classifies the crude product 
making it a simple matter to recognize the more dis- 
tinctive antibiotics immediately or to select appropriate 
secondary tests to establish the identity of members of 
the cross-resistance groups. Since no instances of the 


Figure 4. Resolution of three antibiotics by paper strip chromatography. (1) Streptothricin (R; = 0.0); (2) eyeloserine (Ry = 
0.23) ; (3) chloramphenicol] (Rr = 0.89); (4) streptothricin + cycloserine; (5) streptothricin + cycloserine + chloramphenicol. Sol- 
vent system = n-butanol (8): H,O(2): acetic acid (1). The paper chromatogram was developed by ascending technique, on Whatman 
no. | filter paper, at room temperature. The bioautograph plate was seeded with Escherichia coli W and incubated overnight at 25 C. 
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same antibiotic being produced by cultures representa- 
tive of more than one of the major taxonomic groups 
has been found, it is possible to classify the antibiotics 
according to source (bacteria, actinomycetes, and so 
forth). It has been noted that the various antibiotics 
produce inhibition zones of characteristic appearance 
on thin-layer assay plates. In many cases, the appear- 
ance of the inhibition zone may permit tentative assign- 
ment of the antibiotic in question to one of three groups: 
either hazy zones, clear zones, or clear zones with re- 
sistant colonies. A combination of cross-resistance data 
and paper chromatogram data will then suffice to 
classify the antibiotic as one of the knowns, closely 
related to one of the knowns, or an unknown entity. 
In the operation of a screening program it is possible 
to produce resistant cultures to, and obtain paper 
chromatogram data for, unknowns which are found to 
be of no interest; even though pure material is never 
obtained. Thus unidentified antibiotics which have 
been found need not be retested repeatedly, reserving 
more complete evaluation for potentially new products. 
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SUMMARY 

A procedure for the identification of antibiotics based 
upon their cross-resistance characteristics, measured 
by disc-plate assays, has been described. Methods for 
production, maintenance, and use of antibiotic re- 
sistant cultures and a study of the interrelationships of 
a number of known antibiotics with these resistant 
strains has been reported. 
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Research laboratories, hospitals, and civil defense 
agencies are in need of a simple sampling device for 
sensitive vegetative cells that will determine changes 
in air-borne bacterial contamination with a high degree 
of efficiency over a considerable period of time. Epi- 
demiological studies of modes of transmission of air- 
borne disease would be simplified if more were known 
regarding the bacteriological content of the air in locales 
where disease has been transmitted by suspected air- 
borne routes. This is of extreme importance since several 
hospitals are currently reporting epidemics of infections 
by Staphylococcus sp. among patients and staff person- 
nel. (Fekety et al., 1958; Murray et al., 1958) 

Decker and Wilson (1954) have reported previously 
on a slit sampler for collection of air-borne micro- 
organisms. This earlier sampler possessed inherent ad- 
vantages over those developed by previous workers. 
However, its collection efficiency decreased if it was 
used continuously for periods of time much longer than 
1 hr. 

Recently, Kuehne and Decker (1957) have reported 
on several critical factors affecting the efficiency of air 
sampling when vegetative cells of microorganisms are 
collected for extended periods of time. Factors such as 
increasing the volume of air per given area of agar is 
detrimental to the viability of Serratia marcescens. De- 

1 Presented at the 58th General Meeting of the Society of 
American Bacteriologists, Chicago, Illinois, April 27 to May 1, 
1958. 

2 Present address: Air Pollution Engineering Staff, Division 
of Sanitary Engineering Services, Bureau of State Services, 
U.S. Public Health Service, Washington, D. C. 


creasing the agar concentration from 3 per cent to 1.5 
per cent was also found to support greater growth of the 
test organism. 

As a result of these recent studies on air sampling, a 
more efficient slit sampler has been designed, con- 
structed, and evaluated. This sampler permits continu- 
ous collection of air-borne vegetative organisms for long 
periods with a much higher degree of efficiency by 
providing a larger area for collection of microorganisms 
than samplers previously developed by the authors 
and others. Collection of a much greater number of 
organisms with less dehydration of the media and 
rendering of an accurate time concentration relation- 
ship results. There is also incorporated within the 
sampler an incubation chamber which is automatically 
turned on at the completion of sampling, requiring 
attendance of the sampler only once in a 24-hr period. 


MATERIALS AND METHODS 


The slit-incubator sampler and its component parts 
are shown in figures 1 and 2. The sampler is composed 
of a stainless steel and lucite sampling box 40 in. long, 
4 in. wide, and 434 in. high, a slit and slit tube, media 
culture tray, rotating drive shaft, electric clock motor, 
and heating element. 

The slit and slit tube assembly is threaded into the 
sampling box. The slit opening may be adjusted by 
moving one of the metal plates which are fastened to 
the bottom of the slit tube. The height indicator, a 
vertical metal shaft passing through the sampler top, is 
temporarily set with its lower end on the media surface. 
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The distance between the slit and the media is correct 
when the top surface of the outer rim of the slit tube is 
flush with the top surface of the height indicator. The 
indicator is then raised from the media surface. The 
metal sampling box has a plastic top and houses the 
rectangular culture tray and the incubation section. 
The rotating threaded drive shaft is motivated by an 
electric clock motor. 

To utilize the sampler, a sterile rectangular tray 
filled with a selective growth medium is inserted through 
an opening and is engaged on the threaded shaft by 
means of a metal clip. The opening is then sealed by an 
airtight door. The shaft pushes the tray forward under- 
neath the slit at a fixed rate for the sampling period. 
Air is drawn through the slit at a rate of 0.5 cubic foot 
per min. (cfm) by means of a suitable vacuum. The 
width of the slit is set at 0.004 in., resulting in an air 
velocity of 110 feet per second. The air-borne micro- 
organisms are impinged on the surface of the passing 
medium and the portion of the tray that has already 
passed under the slit enters the incubation section. 
After sampling is complete and the entire tray has en- 
tered the incubator section, the rotating shaft and 
motor are stopped by a microswitch and the incubator 
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Figure 1. Slit-incubator sampler 





Figure 2. Slit-incubator sampler 
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is then turned on. Heat is maintained by a heating tape 
and the temperature is kept constant by a thermostat. 
The tray can be removed through the door before 
incubation, if desired. 

The efficiency of the slit-incubator sampler was de- 
termined in accordance with a statistical test plan 
(randomized block design). S. marcescens was used as 
the test organism and the organisms were aerosolized 
in a 1500 L plexiglas chamber at a temperature of 20 
to 25 C and a relative humidity of 40 to 50 per cent. A 
dynamic aerosol was maintained by atomizing a sus- 
pension of S. marcescens with a Vaponefrin® nebulizer. 
Eighty per cent of the particles produced were less than 
2 uw in size. Two types of samplers were used: a 1-hr 
round slit sampler operating at 1 cfm (Kuehne and 
Decker, 1957) and the slit-incubator sampler operating 
at 19 cfm. The round slit sampler is shown in figure 3. 
In both cases, the slit opening was 2.0 mm above the 
surface of the agar and the organisms were collected 
on Wilson’s! peptone medium containing 1.5 per cent 
agar. 


§ Vaponefrin Company, Upper Darby, Pennsylvania. 
4 Wilson and Company, Chicago, Illinois. 





Figure 3. One-hour round slit sampler 


TABLE 1 


Recovery of Serratia marcescens using the slit-incubator 
sampler 


Speed (Total Time} No. of Mean Hourly 


| 95 Per Cent Confidence 





Setting* (of Sampling} Trials Recoveryt | Limits 
ie a. Ss, % mi ike 
12 1 21 59.0 52.2-66.7 
12 5.5 18 57.4 49.9-66.1 
12 11 | 18 32.4 28 . 2-37 .3 
7.5 1 | 2.4, 8 65.3-81.7 
7.5 7 30 74.0 55.8-92.1 





* Time required for passage of entire length of tray under 
the slit. 
+ Based on a 1-hr round slit sampler as unity. 
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RESULTS 


Tests were first made to determine the efficiency of 
a 12-hr slit-incubator sampler when sampling for 1-hr 
periods only. The efficiency of the slit-incubator 
sampler was obtained by considering the average 
number of organisms collected per cubic foot of air 
sampled with a round slit sampler (making one com- 
plete revolution per hr) as unity and comparing this 
number with that collected with the slit-incubator 
sampler. The results of 21 trials (table 1) show that 
operating the sampler for 1 hr gives an average recovery 
of 59.0 per cent of a 1-hr round slit sampler. The 
analysis of these data did not indicate the presence of 
appreciable sampling variation. 

Evaluation was then commenced, sampling continu- 
ously for 5.5 hr with a 12-hr slit-incubator sampler and 
determining the per cent recovery for the first hr and 
last hr of sampling (4.5 to 5.5 hr) using the 1-hr round 
slit samplers as controls. These results (table 1) show 
that, when sampling is done for 5.5 hr, an average 
of 57.4 per cent of the organisms are collected per hr 
when compared to the 1-hr round slit sampler and 
this recovery does not differ significantly from the first 
hr of sampling to the last. 

The slit-incubator sampler was then run for 11 hr 
and the per cent recovery determined in the same 
manner for the first (0 to 1 hr) and last (10 to 11) 
hr of sampling. The results (table 1) show that when 
the sampler is used for 11 hr an average of 32.4 per 
cent of the organisms are collected every hr of the 
sampling period, based on a 1-hr round slit sampler as 
unity. Again the recoveries of the first and last hr of 
sampling do not differ significantly. This recovery is 
twice the recovery reported by Kuehne and Decker 
(1957) when a round slit sampler is used for 12 hr. 

It is interesting tonote that, when the sampler is used 
for 5.5 hr, the same recovery per hr is obtained as when 
it is run for only 1 hr. However, somewhere between 
5.5 and 11 hr, a decrease in growth occurs, not merely 
of the organisms collected on the first hr of sampling, 
but also of the last hr. 

Therefore it was believed that a 7 to 8 hr sampler 
would give a higher efficiency and would have practical 
application, as this time simulates that of a working 
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day. A sampler was modified to run 7.5 hr by replacing 
the motor with a faster one and evaluated as above. 
This change resulted in greater agar surface area per 
unit of time for collection of the organisms. When this 
sampler is operated for 7 hr, an average of 74.0 per cent 
of the organisms are collected per hr, using the 1-hr 
round sampler as unity (table 1) and the recovery is 
again constant during the entire sampling period. When 
it is used for only 1 hr, the hourly recovery is the same 
as when operated for 7 hr. 
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SUMMARY 


A sampler has been designed which permits con- 
tinuous sampling of vegetative organisms with a high 
degree of efficiency. The organisms in the air are col- 
lected on a selective agar in a stainless steel tray which 
passes under a slit opening located in the top of the 
sampler. A unique feature is the incorporation of an 
incubator chamber which is automatically turned on at 
the completion of sampling, requiring attendance of the 
sampler only once in a 24-hr period. Civilian defense 
agencies, hospitals, and research laboratories can 
utilize this sampler for time-concentration detection of 
microoganisms in the atmosphere. Air-borne transmis- 
sion of disease over long time periods should be traced 
more readily by the use of this sampler. 
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Inasmuch as all living things usually require a high 
content of water either internally or externally, or both, 
it is remarkable that microorganisms, especially spore 
forms, can sometimes withstand an extreme desiccating 
environment. Any success achieved by chemical or 
physical means in modifying viability, that is in hasten- 
ing or preventing death of the desiccated cell, has impli- 
cations in many different fields. The various techniques 
exploited during the last 45 years in the preservation of 
bacteria by drying have been reviewed in an interesting 
and very useful manner by Fry (1954). Although he 
commends Naylor and Smith (1946) on the logical 
development of their stabilizing medium for the freeze- 
drying of Serratia marcescens, he points out that its 
general applicability would have to be tested with more 
sensitive organisms. The present study of preservation 
by drying is also limited to S. marcescens but a con- 
siderable variety of new substances has been tried 
besides the Naylor-Smith components. Some of our 
results should find application in the preservation of 
other organisms freeze-dried under similar conditions. 
Experiments with sensitive strains of yeast and bacteria 
will be reported in a later paper. 


MATERIALS AND METHODS 


The culture of S. marcescens was obtained from the 
Chemical Corps Biological Laboratories as their strain 
8 UK and is hereinafter designated as NRRL B-1481. 
Cells were grown in a medium containing 5 per cent 
skim milk solids, 3 per cent Protopeptone,’ and 2 per 
cent glucose designated SPG medium and described by 
Benedict et al. (1957). Viable cell concentrates contain- 
ing approximately 400 xX 10° organisms per ml were 
prepared by centrifugation, washed, and combined with 
an equal volume of stabilizer solution. The final concen- 
tration of cells therefore was approximately 200 x 10° 
cells per ml. Three-ml amounts of the mixtures of 


! This work was supported by a contract with the Chemical 
Corps, Fort Detrick, Frederick, Maryland. 

* Agricultural Research Service, United States Department 
of Agriculture. 

> No. 343 of Wilson and Company, Chicago, Illinois. The 
mention of trade name products does not imply endorsement 
of these over others of equal quality. 
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stabilizer, neutralized to pH 7 as required, and of cells 
were dispensed into 15-ml serum bottles for the freezing 
and drying operations. The preparations were frozen by 
immersing the spinning bottles in a bath of Dry Ice and 
methyl cellosolve. The temperature of the bath was 
—40 to —60 C. The frozen cell preparations were held 
for a short time in a box refrigerated with Dry Ice 
until ready for placement in the drier. The machine used 
for drying in this study was the Experimental Dehydra- 
tion Unit no. 3501.4 See figure 1. The drying chamber 
contained a platen with 36 depressions, 11 in. in depth 
and 114 in. in diameter, to hold the serum bottles. A 
special stoppering device with a vacuum seal permitted 
the operator to stopper all bottles simultaneously under 
vacuum at the end of each drying run. In effect, the 
apparatus is a modification of that described by Hutton 
et al. (1951). 

After a number of preliminary trials, a standard 


4 National Research Corporation, Newton, Massachusetts. 











Figure 1. The drying chamber of the experimental dehydra- 
tion unit showing enclosed platen and vacuum-seal stoppering 
device. 
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drying schedule was adopted and used throughout the 
investigation. Prior to placing the frozen cell suspen- 
sions in the apparatus, the platen temperature was 
lowered to —30 C by means of a cooling system,°* and 
the greased stoppers were arranged in position on the 
plate above the platen. After pressure in the chamber 
had been reduced to 100 u of Hg by a gas ballast pump, 
an auxiliary diffusion pump was turned on, and the 
bottles were allowed to remain in the drier for a total of 
18 hr. The final pressure usually obtained prior to 
stoppering ranged from 15 to 25 yw, and the final chamber 
temperature ranged from 30 to 32 C. The attached cold 
trap was cooled with a mixture of Dry Ice and cello- 
solve, and was recharged twice with Dry Ice during 
each experiment. The total entrapping capacity, 
amounting to 7 pounds of ice, was only partly ex- 
hausted in a drying cycle. Although it was possible to 
dry cell preparations in a shorter cycle, that is, 5 to 7 
hr, by elevating the platen temperature to 40 C during 
the last 2 hr of the run, the longer cycle nevertheless 
permitted processing of dried samples on the following 
work day. 

The 36 positions of the platen permitted simultaneous 
testing of 5 variables, with 6 bottles for each variable 
and 6 for controls. Occasionally the replicates were 
reduced to 5 for each of 6 variables, again with 6 bottles 
as controls. Each dried sample was rehydrated under 
vacuum with 5 ml of a sterile diluent composed of 0.5 
per cent NaCl and 0.1 per cent tryptose. The 5-ml 
aliquot was removed from 100 ml of diluent in a 150-ml 
dilution bottle and injected into the bottle of dried sam- 
ple with a hypodermic syringe. The rehydrated sample, 
thoroughly shaken, plus another portion of diluent used 
to rinse the inner part of the rubber stopper, was returned 
as quantitatively as possible to the original dilution 
bottle. Dilutions were continued until a 0.3 ml aliquot 
from the final bottle was predicted to contain between 
30 and 300 viable cells. An aliquot of this amount was 
pipetted onto the dry surface of each of 9 agar plates and 
rapidly spread with a Z-shaped glass rod. The plates 
were incubated at 30 C for 20 hr and estimates of viable 
counts were made according to the procedure previously 
described. 


RESULTS 

Protective effect of culture supernatant. Early results 
indicated that cells of S. marcescens resuspended in 
culture supernatant were protected during subsequent 
drying. The quantitative relationship between survival 
of cells and amount of accompanying supernatant 
liquor is shown in figure 2. 

We also noted that “cell juices’? would serve as 
drying protectants. In establishing this point, the first 


5 We are indebted to Mr. V. F. Pfeifer of the Engineering 
and Development Laboratory, Northern Division, for the 
construction of the cooling system. 
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operation was to centrifuge the cells, wash them in 
physiological saline and recentrifuge, discard the saline, 
and resuspend the cells in distilled water. Four alternate 
slow freezings and rapid thawings, followed by centrif- 
ugation and filtration of cell juices through UF 
Pyrex® sintered glass filters, gave a solution which 
protected fresh cells during drying to the extent of 61 
per cent. Hutton and Shirey (1951) had reported that 
the cell-free juices from heavy suspensions of Brucella 
abortus strain 19, containing 600 X 10° cells per ml, 
gave drying protection to dilute suspensions of the same 
organism and that dilution of such cell-free fluids with 
water decreased the drying protection in proportion to 
the amount of dilution. Shortly after we noted the 
protective effect of culture supernatant liquor, Record 
and Taylor (1953) reported that, when water suspen- 
sions of Escherichia coli were dried, reconstituted in 
water, and freeze-dried a second time, most of the cells 
were killed, but that soluble protective material was 
recoverable. This cell-free material was freeze-dried and 
dissolved at various levels in 5 per cent glucose solution. 
The mixtures were then used as stabilizers in the freeze- 
drying of F. coli cells. Cells dried in this manner and 
then subjected to drying over P.O; at a pressure of 
0.01 mm Hg or less evidenced 51 per cent viability after 
1 day and 38 per cent after 330 days. The stabilizing 
material derived from FE. coli cells was reported to be 
effective also in protecting S. marcescens during drying. 


6 Corning Glass Works, Corning, New York. 
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Figure 2. Effect of increasing amounts of culture liquor 
supernatant as stabilizer on survival after drying of Serratia 
marcescens. 
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Effort was made to learn the chemical nature of the 
protective factor in our supernatant liquors. A separa- 
tion of the material which protected cells during drying 
could be made either by (a) exhaustive dialysis against 
distilled water at 34 F or (b) ethanol precipitation. 
When the low and high molecular weight fractions 
obtained by dialysis, hereinafter referred to as LMW 
or HMW, respectively, were adjusted to their original 
volumes by appropriate means, the LMW fraction was 
found to contain practically all of the protective factor. 
It gave about 65 per cent drying protection as opposed 
to about 3 per cent for the HMW fraction. The LMW 
fraction adjusted to pH 6 to 7 lost a third of its protec- 
tive capacity upon being heated at 100 C, but none a 
80 C. When LMW fractions were distilled in vacuo at 
pH 4.0, 7.0, and 10.0, the results, as shown in table 1, 
indicated that volatile substance was not responsible 
for the protection afforded. When the fermentation 
acids present were adsorbed by passing the LMW 
fraction through a column containing Dowex-1 resin 
and the neutralized effluents concentrated to 4X, 2X, 
1X, and 0.5X concentration in terms of the control 
supernatant, they permitted cell survivals of 100, 100, 
85, and 65 per cent, respectively. A LMW control with- 
out chromatographic treatment as above gave 54 per 
cent drying recovery. 


— 


A LMW diffusate giving 56 percent drying protection 
at 1X concentration was freeze-dried and method of 
Borkenhagen (1953) wasapplied, that is, treatment of the 
lyophilized solids with anhydrous MeOH containing NH; 


TABLE 1 


Fractions of LMW supernatant material as viability 
protectants during drying for washed cells of 
Serratia marcescens* 


Viable Cell 


Count and 95 Range 
Method of Preparing Supernatant Per Cent Survival Mean 
Fractiont Confidence after Survival 
Limits before Drying 
Drying 
X 109/ml | % % 
pH 4.0 
Residue ..| 237 + 16 43-60 51 
Distillate | 213+ 2 | 68 7 
pH 7.0 
Residue ; 184 + 13 60-71 66 
Distillate 198 + 3 3 3 
pH 10.0 
Residue 210 + 12 59-69 66 
Distillate - 224 + 8 0 0 
Untreated LMW superna- | 
tant x non) Zee 53-65 59 


* NRC drier used throughout work reported in these tables. 

+ Three 500-ml aliquots of the material having low molecu- 
lar weight (LMW) were concentrated under reduced pressure 
at 30 C at the pH indicated until 250 ml of distillate were col- 
lected and 250 ml remained as residue. Aliquots of the fractions 
were mixed with equal amounts of cell concentrate and then 
subjected to freeze-drying. 


to extract amino acids and other solubles. The MeOH- 
NH; extract, readjusted to 1X concentration, still gave 
46 per cent cell protection, whereas the insoluble residue, 
similarly adjusted, gave only 8 per cent. These results 
suggested that amino acids may have been partially 
responsible for the drying protection afforded, although 
excessive tailing did not permit the identification of 
individual amino acids by paper strip chromatography. 
Mild acid-hydrolysis of the MeOH-NH; extract did not 
change its activity as a drying stabilizer. A few experi- 
ments were run with neutralized solutions of the follow- 
ing single amino acids as stabilizers: alanine, glycine, 
arginine, aspartic acid, and glutamic acid. Survivals 
of cells at the 0.15 m level of each amino acid were 17, 
13, 56, 23, and 30 per cent, respectively. Decreasing the 
level of stabilizer to 0.075 m increased the survivals with 
arginine and alanine, whereas the reverse was true with 
glutamic acid. When a peptide, glutathione, was tested 
at the 0.05 m level, 57 per cent of the cells survived 
drying. Various salt-free, acid- or enzyme-hydrolyzed 
saseins, tested at levels from 0.5 to 2 per cent, were 
exceedingly poor stabilizers for S. marcescens. 

Drying survival of cells with respect to medium, growth 
rate, OAR,’ and temperature during fermentation. The 
extent to which resistance of cells is developed depends 
somewhat on the medium in which the cells are grown. 
When strain B-1481 was grown in the synthetic medium 
of Smith and Johnson (1954) and dried with the neutral- 
ized culture liquor as stabilizer, the average survival in 
seven vials was only 18 per cent. In general agreement 
with Naylor and Smith (1946) and Fry and Greaves 
(1951) we found that aerated cells harvested during an 
sarly stage of the log phase, or statically grown cul- 
tures, do not withstand freeze-drying as well as older 
cells from well aerated cultures. Cells grown in SPG 
medium at an OAR of 1, harvested at 7, 12, and 24 hr, 
and resuspended in supernatant liquor gave recoveries 
of 11, 40, and 54 per cent, respectively. With super- 
natant liquor as the suspending agent, cells propagated 
in 20-L fermentors at an OAR of 1 and temperatures of 
33 and 29 C both averaged 67 per cent drying survival, 
whereas those cultured at 25 C and 21 C averaged only 
28 and 18 per cent, respectively. In the latter two cases, 
cell production was slower but the total viable counts 
are equivalent to those obtained at the higher tempera- 
tures. 

We also found that greater aeration of cells seems to 
exert a sparing action on the amount of NaCl stabilizer 
required subsequently to achieve a given amount of 
drying protection. Cells produced in SPG medium at 
OAR of 0.2, 0.7, and 3.0 were washed with water and the 
master cell pools equilibrated to contain approximately 
the same concentration of viable cells. The cells grown 
at the lowest OAR gave a maximum viable cell re- 


7 Oxygen absorption rate (OAR) was measured with sulfite 
solution and is expressed in millimols of O2 per L per min. 
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covery of only 16.4 per cent at 0.108 m NaCl. Cells 
grown at the intermediate OAR showed about twice this 
survival rate in 0.054 m NaCl. Cells grown at the highest 
OAR level showed a significantly higher viable re- 
covery in 0.054 mM NaCl than did the cells propagated at 
the intermediate OAR. 

Fermentation conditions were therefore standardized 
so that cells for drying on a laboratory scale were grown 
for 20 to 22 hr at 29 C and at an OAR of 0.7. Viable cell 
counts usually ranged between 105 and 125 xX_ 10° 
cells per ml. Furthermore, tests of stabilizers were more 
reproducible when the following technique was adopted: 
(a) centrifuge cells; (b) discard supernatant; (¢) resus- 
pend cells in a volume of distilled water equal to that of 
the original supernatant and recentrifuge, discarding 
the wash water; and (d) resuspend cells in neutralized 
stabilizing solutions such that the viable cell concen- 
trate count prior to drying would be around 200 + 15 
x 10° per ml. This technique is more sensitive because 
it eliminates the protective power of the supernatant. 
The drying survivals of cells in supernatant liquor 
adjusted to pH 5.0, 6.0, 7.0, and 8.0 averaged 35, 66, 
78, and 62 per cent, respectively. Consequently, pH 7 
was selected as optimal for all mixtures to be dried. 

Protective effects of sodium salts of various organic acids 
including those of the tricarboxylic acid cycle. Early in our 
work, it was suggested that salts of some acids of the 
terminal respiratory cycle might account for some of the 
drying protection afforded. Before the washed cell 
technique was adopted, numerous trials were made with 
sodium salts of compounds of the tricarboxylic acid 
cycle alone and in various combinations. The highest 
initial drying survival of 81 per cent was obtained with 
a mixture of 0.02 m each of Na acetate, lactate, pyru- 
vate, a-ketoglutarate, succinate, fumarate, malate, 
citrate, and aconitate. Although the situations are not 
parallel, we noted with interest that Heinmets et al. 
(1954) found that the highest reactivation of E. colt 
strain B/r, treated with heat, chlorine, ‘‘zephiran”’ 
chloride, and ethyl alcohol, also occurred when the cells 
were incubated in a mixture of metabolites of the tri- 
carboxylic acid cycle. We found that, when water- 
washed cells were stabilized with the sodium salts of 
various acids (table 2), the maximum drying survival 
usually resulted at 0.05 to 0.1 mM concentration of the 
salt. The difference between survivals with succinate 
and malate and the other salts was not accounted for. 

Inorganic salts as stabilizers. In further search for 
inexpensive protective compounds, a few experiments 
were made with three salts of HCl. The results are 
shown in table 3. The poor survivals obtained with 
NH,Cl alone suggested that it could be omitted as a 
component of the Naylor-Smith stabilizer under our 
conditions. 

Survival of cells as affected by components of Naylor- 
Smith stabilizer (NS). The original NS contained 0.5 
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per cent each of thiourea, ascorbic acid, and NH,Cl, 
plus 2 per cent dextrin. Dextrin was omitted in our 
experiments since drying survivals of 1 per cent or less 
were obtained with 2 per cent dextrin alone as stabilizer. 
Investigation of the remaining components of NS 
proved to be most interesting. Table 4 shows the re- 
sults of an experiment to evaluate each of the three 


TABLE 2 

Effect of sodium salts of organic acids at various 

concentrations on viability after drying of washed 
cells of Serratia marcescens 





Conc of Salt (at) 


Stabilizer 0.4 0.2 0.1 0.05 | 0.025 


Mean survival* (%) 


DUA OCHIAI oso edidoncdsande 8 43 68 55 36 
Na lactate Se et 40 56 69 44 22 
Na malate ete iced - 15 17 29 22 
Na pyruvate erates ioe -- 26 58 59 36 
Na succinate ee Tee — 3 10 30 19 


* Mean count before drying was 213 + 10 X 10°/ml. Five 
bottles were employed per sample. Mean survival for control 
cells in Naylor-Smith stabilizer was 72 per cent and in NS/10, 
4.5 per cent. 


TABLE 3 


Effect of inorganic salts at various concentrations on 
viability after drying of washed cells of Serratia 
marcescens 

Conc of Salt (a1) 


Stabilizer 0.216 | 0.108 0.054 | 0.027 | 0.013 

: Mean survival*® (%) 
NH). ...... eae Se 1 3 3 l — 
NaCl Z nee reyes 9 20 50 29 13 
PERT hic id ieee ae oae 7 21 35 44 24 





* The mean cell counts before drying with NH,Cl, NaCl, 
and KCl were, 227 + 17, 210 + 15 and 206 + 15 X 10° per ml, 
respectively. 


TABLE 4 
Naylor-Smith components as stabilizers in drying of washed 
cells of Serratia marcescens at concentration of 
265 + 22 X 10°/ml 


Stabilizer Employed Bane oe og Pn. 
RONG BOM DD: 605565055855 i. 11-14 12 
ne aes ee 47-63 56 
LO Ee ge ere ren aes 3-8 5 
Ascorbic acid, 0.5, and Thiourea, 0.5 61-74 68 
Ascorbic acid, 0.5, and NH,Cl, 0.5 67-78 72 
Thiourea, 0.5, and NH,Cl, 0.5.... 13-22 | 17 
pe ORT ARE eae a eee en 3-5 | 4 


* Values are means of 5 replicates. 
+ 0.05 Per cent each of ascorbic acid, thiourea, and NH,CIl. 
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components singly, and in combination of two. Al- 
though both ascorbic acid and NH,Cl used singly were 
poor stabilizers, combination of the two permitted 72 
per cent of the cells to survive. Combination of ascorbic 
acid and thiourea gave a cell survival of 68 per cent 
which is the exact sum of the per cent survivals ob- 
tained with the two components used separately. On 
the other hand, the combination of thiourea and NH,Cl 
gave a cell survival of only 17 per cent, far less than the 
56 per cent survival obtained with thiourea by itself. 
The high recoveries of cell viability with thiourea alone 
led to further studies on related compounds as sta- 
bilizers. 

Relationship of cell and stabilizer concentrations. In his 
review, Fry emphasized that the results of studies con- 
ducted by Otten (1930), Stamp (1947), and Fry and 
Greaves (1951) on the relation of cell concentration and 


TABLE 5 


Effect of cell concentration on viability after drying of 
washed cells of Serratia marcescens with NS or 
NS/10 as stabilizer* 


Viable Cell Count and 95 Cae ee ae ms 
Stabilizer Conc Per Cent Confidence Range Survival Mean 


Limits before Drying after Drying Survival 

xX 109/ml _ % % 

NS/10 289 + 29 5-6 5) 

204 + 15 6-9 8 

105 + 9 28-29 28 

52.6 + 3.0 52-57 55 

NS, full cone 289 + 29 66-77 73 
105 + 9 53-68 

52.6 + 3.0 40-46 42 


* NS: 0.5 per cent each of ascorbic acid, thiourea, and 
NH,Cl. 
NS/10: 0.05 per cent each of the three ingredients. 
+ Five bottles representing 5 replicates were employed per 
sample. 
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20.10 5 
DPYING SURVIVAL, PERCENT 
Figure 3. Survival after drying of washed cells of 4 pools of 
Serratia marcescens with predrying counts of 289, 204, 105, 
and 53 X 10° cells per ml with NS or NS/10 as stabilizers. 
Plotted on log probability paper. (See table 5 for details.) 
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survival were not the same. However, the methods of 
drying and the types of organisms employed were 
different and comparisons could not logically be made. 
Miller and Goodner (1953) tested 62 different stabilizers 
in the freeze-drying of 10 strains of BCG (Bacillus 
Calmette-Guerin). Glucose and glutamic acid were 
found to be best in their respective carbohydrate and 
amino acid groups and were therefore employed in 
experiments to show that the concentration of a 
stabilizer is important. We also found that it was neces- 
sary to take into account the ratio of cells to amount of 
stabilizer and confirmed this in two series of experi- 
ments. First, we employed NS at two levels with four 


TABLE 6 
Comparison of viabilities obtained after drying with those 
calculated when concentration of stabilizer was varied from 
NS/10 to 2 NS for washed cells of Serratia marcescens at 
concentration of 2038 + 16 X 10° per ml 





Stabilizer Conc Survival Obtained Survival Calcu- 








lated* 
NS/10 (0.10) 5 4 
NS/8 (0.13) 8 11 
NS/6 (0.17) 16 21 
NS/4 (0.25) 43 39 
NS/3 (0.33) 60 55 
NS/2 (0.50) 80 78 
3 NS/4 (0.75) - 90 
1 NS (1.00) 79 78 
2NS (2.00) 66 > 
* See equation in text. 
99 
98 
93 
_— 90— 
= 
U 80f— Yi 
70) wa 
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CONCENTRATION OF NS STABILIZER 


Figure 4. Effect of changing cell-stabilizer ratio on viable 
cell survival after drying. Cell count of Serratia marcescens 
before drying was 203 X 10° per ml. Plotted on semi-log paper. 
(See table 6 for details.) 
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different concentrations of cells, each originating from 
the master cell pool. Table 5 shows the results obtained 
when NS and NS/10 were employed as drying sta- 
bilizers for washed cell concentrates with initial pre- 
drying counts of 289, 204, 105 and 53 X 10° cells per 
ml. It will be noted that with NS/10 the average per 
cent survival of drying increases with decreasing cell 
concentration, whereas with NS the reverse is true. The 
average per cent survivals were plotted on log probabil- 
ity paper and are shown in figure 3. 

Next, when cell population was held constant and 
stabilizer concentrations were varied from NS/10 up 
to 2 NS, the initial drying recoveries were the lowest 
at NS/10, but increased as the NS concentrations 
increased up to NS/2, and thereafter began to decrease 
as the NS levels became excessive (figure 4). Since the 
graph closely resembles one-half of a parabola, the 
general equation (X* = —2 py) or its modified form 
[((X — c)? = 2p (y — d)| may beutilized. The constants 
of this equation (c, p, and d) were evaluated through 
experimental data by the method of simultaneous 
equations. Substituting NS concentration for XY and per 
cent survival for y, the final form becomes (NS concen- 
tration —0.75)? = —0.0049 (per cent survival —90) 
which may be used to calculate survivals. Calculated 
figures are in fair agreement with the experimental 
values shown in table 6. 

The results of these experiments show that the ratio 
of cells to stabilizer warrants attention by future inves- 
tigators. Indeed, the use of stabilizers without regard 
for cell-stabilizer ratio could certainly be a factor in past 
failures to preserve cells which have a history of being 
difficult to freeze-dry. This cell-stabilizer relationship 
might also explain the low drying survival of a strain of 
S. marcescens reported by Christian and Stockton 
(1956). Counts were not given, but their cells were 
grown at an extremely low OAR (250 ml medium 
shaken in 500 ml flasks) which does not permit rapid 
growth and high terminal counts. Although strain 
difference would doubtless affect the survival, the low 
drying recovery of only 4 per cent obtained by them 
might well be due in part to the very low ratio of cells 
to Naylor-Smith stabilizer. Extrapolation of our NS 
drying curve, figure 3, indicates that 7 per cent survival 
corresponds to 1 X 10° cells per ml. 

Discussion 

The techniques employed in most of the experiments 
described in this paper with respect to use of wet cell 
concentrates and quantities of cells dried are quite 
different from those utilized in many laboratories to 
preserve cultures by freeze-drying. For this purpose a 
majority of workers in the interest of economy or 
safety, or both, operate on a smaller scale and harvest 
the cells from surface growth on agar plates. With this 
procedure, probably not more than 1 X 10% or 1 X 10° 
viable cells per tube are initially combined with ad- 
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juvant prior to drying and the per cent recovery of 
viable cells remaining after drying is not determined. 
Success in the operation is measured by what Fry (1954) 
has aptly termed the “death or survival” method. 

In tests of the sodium salts of various acids as drying 
stabilizers, either singly or in admixture, the highest 
drying survivals usually occurred between the 0.05 
and 0.1 M levels for a viable cell population of 200 + 15 
x 10° per ml. As tested with NaCl as stabilizer, highly 
aerated cells grown in flasks were better fitted to survive 
freeze-drying and required less stabilizer than those 
propagated at a low OAR. 

Since cell liquor is so effective in protecting cells, it 
was hoped that a specific and unique compound might 
be isolated and identified. This hope was not realized. 
It may well be that there is no one specific protective 
factor or even just a few. The fact that inorganic salt, 
salts of organic acids, sugars, amino acids, and other 
common organic chemicals have been found under 
proper conditions to afford high or relatively high 
degrees of protection to dried cells lends considerable 
weight to this possibility. If the effect is unspecific, or 
even largely so, it would seem that it is related to 
changing osmotic pressure and perhaps to membrane 
permeability during drying or rehydration, or during 
both. This relationship could, in turn, be complicated by 
numerous factors such as metabolic use and reserve 
supply of oxygen and carbon source. 

Results obtained with various combinations of the NS 
ingredients indicate that it is impossible to predict 
whether the effects of stabilizers in combination will be 
additive, antagonistic, or synergistic. Miller and Good- 
ner found that combinations of glucose and Na gluta- 
mate together gave less drying protection for BCG than 
either component used singly. Relative to the freeze- 
drying of cells grown in flasks, our findings strongly 
suggest that the full potential of a drying stabilizer 
cannot be realized unless the following are considered: 
(a) the organism should be propagated in a nutritionally 
complete medium at optimal temperature; (b) propaga- 
tions should be made at various oxygen absorption rates 
to determine the optimal OAR for maximal cell produc- 
tion; (c) cells should be harvested at the experimen- 
tally determined physiological age when they are well 
equipped to withstand freeze-drying; and (d) the 
optimal ratio of drying stabilizer to viable cell numbers 
should be established and employed. 


SUMMARY 

A carefully standardized procedure for preparing and 
drying cells of Serratia marcescens was developed in this 
study. 

Cells harvested from skim milk protopeptone glucose 
medium after 22 hr growth showed an unusually high 
initial survival when dried in their own supernatant 
culture liquor. 

Tests of the sodium salts of various acids in a range of 
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concentration showed that the maximum drying protec- 

tion per 200 X 10° cells per ml was generally afforded 

at stabilizer levels between 0.05 and 0.1 M. 

Proof that cell-stabilizer ratios markedly affect sur- 
vival after drying was obtained by varying the cell 
population at each of two levels of modified Naylor- 
Smith stabilizer, and by employing eight levels of the 
latter while holding the cell population constant. 
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Inverso ef al. (1953) presented data which indicated 
that Streptococcus agalactiae is capable of inducing a 
change in the proportions of the components of casein, 
yielding an increase in the relative concentration of 
B-casein with an accompanying decrease in a-casein. 
Their findings have prompted further study of the 
physicochemical changes produced in the casein of 
cow’s milk by S. agalactiae. 


MATERIALS AND METHODS 


Organisms. Streptococcus agalactiae 6683 from the 
stock culture collection of the Department of Bac- 
teriology, The Ohio State University, was used in this 
study. 

Preparations of samples. Skim milk or ‘‘reconstituted”’ 
milk was distributed into two 500-ml flasks and steri- 
lized in the autoclave at 120 C for 7 to 10 min. This was 
the heat exposure used by Inverso et al. One of the 
flasks was inoculated with the test organism. Samples 


taken from this flask are referred to as the “inoculated 
samples.”’ The second flask served as the uninoculated 
control. The flasks were incubated at 37 C. At selected 
time intervals, samples were removed aseptically. A 
control sample was run in parallel with each inoculated 
sample. The bacterial population was followed by plate 
counts on tryptone glucose extract agar. 

The casein of the sample was separated by a modified 
acetic acid precipitation method, essentially that recom- 
mended by the Association of Official Agricultural 
Chemists (1950). Thirty-five ml of milk in a 100-ml 
cylinder was diluted to 80 ml with distilled water at 
40 to 42 C. To this was added sufficient 10 per cent 
acetic acid solution to reduce the pH to 4.5. The mixture 
was inverted several times and let stand for 10 min. A 
volume of M/1 sodium acetate solution equal to the 
volume of acetic acid solution used was then added and 
the total volume made up to 100 ml with distilled water. 
The precipitated casein was separated from the super- 
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natant liquid by centrifugation at 900 to 1200 rpm for 
1 to 2 min. It was washed several times with distilled 
water, then suspended in a suitable volume of veronal 
buffer at pH 8.6 and ionic strength 0.1. This suspension 
was dialyzed in the refrigerator for 24 hr against 400 
ml of the same buffer solution. At the end of this 
dialysis period, the casein solution was clarified by 
passage through a Seitz filter. 

The filtered solution was dialyzed for an additional 
24 to 48 hr against 2 to 3 L of buffer solution. The 
inoculated sample and the control were dialyzed 
simultaneously for a given time interval in the same 
volume of buffer solution, which was retained for use in 
the electrophoresis experiment. 

The content of casein in the dialyzed solution was 
determined by the refractive index method of Perlmann 
and Longsworth (1948), then was adjusted to a concen- 
tration of 0.5 to 1.0 g per 100 ml of solution if possible. 
Just before filling the electrophoresis cell, the casein 
solution was filtered through Whatman no. | paper. 

Electrophoresis measurements. The electrophoresis 
experiments were carried out in a_ Tiselius-Klett 
apparatus (Klett, 1948) equipped with the schlieren 
scanning device of Longsworth. A cell of 94.6 mm 
channel length was used. The temperature of the elec- 
trophoresis cell was maintained at 1.0 + 0.5 C. 

Mobilities were calculated from the velocities of the 
descending boundaries by employing the conductivities 
of the protein solutions measured at 0 C. Relative 
concentrations were calculated from the total peak 
areas of the components in both ascending and descend- 
ing patterns. The areas of the peaks in the schlieren 
photographs were determined by placing the negatives 
on millimeter rectangular coordinate paper and count- 
ing squares. The concentrations of the components are 
proportional to the relative areas of the peaks. 

Preparation of a- and B-casein. Pure a-casein was 
prepared by Warner’s method (1944). 8-casein was 
isolated by the urea method of Hipp et al. (1952). 

Analysis of amino nitrogen. The concentration of free 


TABLE 1 


Changes induced by Streptococcus agalactiae in 
proportions of electrophoretic components of 
casein of unbuffered skim milk 


Relative Conc, Per Cent 


Days Casein Component ——— losiiiaiatinatedea 
Control Inoculated sample 
0 a 86.7* 
8 13.3 
8 a 85.5 77.0 
8 14.5 23.0 
26 a 87.5 74.0 
8 12.5 26.0 


* Calculated from total peak areas in ascending and de- 
scending patterns. 
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amino groups in the milk was determined by formol 
titration. 

Preparation of “reconstituted”? milk. Two to four g 
of purified casein or casein fraction were suspended in 
200 ml of distilled water. The suspension was adjusted 
to pH 9 to 10 and held in the refrigerator for several hr 
in order to bring the protein into solution. The solution 
was then adjusted to pH 7.4 and mixed with a suitable 
volume of whey. After heat sterilization, the pH was 
6.7. 

RESULTS 

Changes induced by S. agalactiae in proportions of 
electrophoretic components of casein of unbuffered skim 
milk. The components observed in the electrophoretic 
patterns were identified by comparison of their mo- 
bilities and relative areas with the data of Mellander 
(1939) and Warner (1944). The relative concentrations 
of the casein components as calculated from peak areas 
are given in table 1. The y-casein peak did not appear, 
therefore, calculations are based on the sum of a- and 
8-casein peak areas as 100 per cent. The area of the 
a-peak at 0 days indicates a higher concentration of this 
fraction than normally found in the casein of cow’s milk. 
By comparing the relative concentrations of the com- 
ponents of the inoculated sample with the relative 
concentrations of the components of the control for 
the same time interval, it can be seen that, at 8 and 26 
days, there was a reduction in a-casein and an increase 
in B-casein. These results confirm the findings of Inverso 
et al. (1953). 

The electrophoretic mobilities of the descending 
boundaries are shown in figure 1. The curves show that, 
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Figure 1. Changes induced by Streptococcus agalactiae in 
electrophoretic mobility of components of casein of unbuffered 
skim milk. A, a-casein, control; B, a-casein, inoculated; C, 
8-casein, control; D, 8-casein, inoculated. 
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for the same time interval, a given component of the 
inoculated sanrple exhibited a lower mobility than the 
same component of the control. 

Changes induced by S. agalactiae in concentration of 


free amino groups in skim milk. Inverso et al. suggested 


that a-casein is a complex fraction which, under the 
influence of the enzyme system of the organism, be- 
comes partially hydrolyzed, giving the observed change 
in relative concentrations. It might be expected that, if 
such hydrolysis did take place, it would occur at the 
peptide bond and would, therefore, increase the number 
free amino groups in the milk. In this experiment, the 
concentration of free amino groups was followed by 
formol titration. The results are given in table 2. It is 
evident that no significant change in the concentration 
of amino groups occurred. For example, at 5 days when 
the bacterial population (see table 3) was at its peak, 
free amino group values for control and inoculated 
sample were essentially identical. Therefore, the 
organism did not catalyze hydrolysis of the peptide 
bonds of the casein. These results also seem to eliminate 
the possibility of synthesis of B-casein from amino acids 
and peptides of the milk, since in this case there would 
be a decrease in the number of free amino groups. 

Changes induced by S. agalactiae in proportions of 
electrophoretic components of casein of buffered milk. In 
an attempt to eliminate the inhibitory effect of the 
acid produced by the test organism, which was indi- 
‘ated by the low bacterial count, the milk medium was 
supplemented with calcium carbonate (1 g per 100 ml) 
as buffering agent. It is evident from the pH values in 
table 4 that this buffer system was not effective in 
maintaining the reaction at the pH of normal milk 
but, nevertheless, seemed to promote a higher peak 
bacterial population than did unbuffered milk. 

The schlieren scanning patterns for the descending 
boundaries are shown in figure 2. The arrow indicates 
the direction of movement of the protein particles. The 
crossbar represents the location of the initial boundary. 
In the patterns for 4 and 7 days, the differing propor- 
tions of the components of the control as compared 
with those of the inoculated sample for the same day are 
quite evident. From an inspection of the patterns, it 
appears that the changes in proportions are the result 
primarily of loss of material represented initially by 
the a-peak. The relative concentrations calculated from 
these peak areas are given in table 5. 

An interesting situation was revealed by the solubility 
data in table 6. The amount of casein in solution in 
veronal buffer was measured after the clarification fol- 
lowing the first dialysis. In all instances, undissolved 
casein material remained at the bottom of the dialysis 
bag which would seem to indicate that the solution 
above was saturated with the protein. Casein of the 0- 
day control showed a solubility of only 0.84 g per 100 
ml, whereas casein isolated from unheated milk is 


normally soluble to the extent of at least 3 to 4 g per 
100 ml. This suggests a change in the nature of the 
sasein as a result of heat sterilization. Further evidence 
of this is apparent in the decrease in the amount of 
casein capable of dissolving in buffer solution as incuba- 
tion of control sample proceeded. It is apparent, how- 
ever, from values obtained on inoculated skim milk 
that the organisms also acted to reduce further the 
solubility of the casein, eventually converting all the 
vasein to an insoluble form. It must be emphasized that, 
when the authors refer to decreased solubility of casein, 
they infer a change of casein to another less soluble 
form. 

Changes induced by S. agalactiae in proportions of 
electrophoretic components of casein in skim milk periodi- 
cally adjusted to pH 6.6. Since it proved difficult to find a 
satisfactory buffer system for milk under the estab- 
lished experimental conditions, the acidity was partially 


TABLE 2 
Changes induced by Streptococcus agalactiae in concentration 
of free amino groups in skim milk 


Milliequivalents of Amino Nitrogen per 10 ml Milk 





Days a aa 
Control Inoculated sample 
0 0.184 
2 0.178 0.177 
5 0.168 0.169 
8 0.190 0.182 
12 0.207 0.260 
28 0.208 0.161 


TABLE 3 


Changes in pH and bacterial population in unbuffered 
skim milk inoculated with Streptococcus agalactiae 


Control Inoculated Sample 
Days es ig Tien ae , sera oe sae j —— 
t ; t t 
pH ac coe pH ac a” 
0 6.4 2 6.4 <100 
2 6.2 3 4.8 370,000 
5 6.2 3 4.6 1,120,000 
8 6.3 0 4.3 <1,000 
12 6.3 0 4.5 <100 
28 6.4 0 4.5 0 
TABLE 4 


Changes in pH and bacterial population in buffered 
skim milk inoculated with Streptococcus agalactiae 





Control Inoculated Sample 
Days = Fi ie Saree SS = 
Bacterial count Bacterial count 
pH per ml pH per ml 
0 6.4 0 6.4 3,200 
2 6.4 0 4.8 17,000 ,000 
4 6.4 0 4.8 2,000,000 
7 6.3 0 4.7 <1,000 
10 6.3 0 4.6 23 ,000 
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controlled by adjusting the inoculated milk to pH 6.6 
every 24 hr with sterile mM, 1 NaOH solution. 

Warner found that the concentration of protein in the 
electrophoretic sample had an effect on the interaction 
of casein components, a higher concentration of whole 
casein giving a lower concentration of 8-casein in the 
electrophoretic pattern, reflecting the tendency of 
3-casein to complex with a-casein. To eliminate this 
variable, the casein solutions for control and inoculated 
sample on a given day were carefully adjusted to the 
same concentration. 

The schlieren scanning patterns for the descending 
boundaries a re shown in figure 3. The distribution o 
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Figure 2. Changes induced by Streptococcus agalactiae in 


electrophoretic patterns of descending boundaries of casein 
components of buffered skim milk. A, control, 0 days, 101 min 
at 6.67 v/cem; B, control, 2 days, 139 min at 6.87 v/em; C 
inoculated, 2 days, 211 min at 6.75 v/em; D, control, 4 days 
145 min at 6.79 v/em; E, inoculated, 4 days, 190 min at 6.72 
v/em; F, control, 7 days, 174 min at 6.76 v/em; G, inoculated, 


a =.) 


7 days, 134 min at 6.73 v/em. 


TABLE 5 


Changes induced by Streptococcus agalactiae in 
proportions of electrophoretic components of 
casein in buffered skim milk 


Relative Conc, Per Cent 


Days Comanent 
Control Inoculated sample 

0 a 84.7 

8 15.3 
2 a 81.0 81.5 
8 19.0 18.5 
4 a 84.0 60.0 
8 16.0 40.0 
7 a 78.5 71.3 
5 28.7 


8 21. 
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casein components is given in table 7. Once again there 
is a marked increase in the relative concentration of 
3-casein in the inoculated samples. In this instance, the 
relative concentrations calculated from the ascending 
and descending patterns individually, as well as the 
average of the two values, are included. Although the 
relative concentration of @-casein is usually greater in 
figures obtained from the ascending pattern than from 
the descending, nevertheless, the difference between 
control and inoculated sample is nearly identical 
whether ascending pattern, descending pattern, or the 
average is considered. 

The curves in figure 4 reveal once again that a given 
component of the casein of the inoculated sample had a 
lower electrophoretic mobility than the same compo- 
nent of the control for the same time interval. 

Changes induced by S. agalactiae in pure a-casein. 
When “reconstituted” milk containing purified a- 
casein as the sole casein fraction was used as culture 
medium, the experimental results indicated that, 
considering number and type of electrophoretic com- 

TABLE 6 
Changes induced by Streptococcus agalactiae in amount 
of casein dissolved in veronal buffer at pH 8.6, 


ionic strenath 0.1, and 10 C 


z Casein per 100 ml 


Days en 
Control Inoculated sample 
0 0.840 
2 0.635 0.325 
4 0.635 0.060 
7 0.615 0.040 
10 0.492 0.000 
c- 4 
p 
-—> 
A 
a 
ps n 
pee -_> 
B C 


- « , . 
> —- 
D E 

Figure 3. Changes induced by Streptococcus agalactiae in 
electrophoretic patterns of descending boundaries of casein 
components of skim milk maintained at pH 6.6. A, control, 
0 days, 162 min at 7.23 v/em; B, control, 2 days, 150 min at 
5.67 v/em; C, inoculated, 2 days, 120 min at 5.73 v/em; D, 
control, 4 days, 132 min at 5.77 v/em; E, inoculated, 4 days, 
123 min at 5.66 v/cm. 
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ponents, a-casein was not affected by the metabolic 
activities of S. agalactiae, although heavy bacterial 
growth had occurred. There was a slight decrease in the 
electrophoretic mobility of the a-casein of the inocu- 
lated samples. Growth activities of the organism did not 
affect the solubility of a-casein. 

Changes induced by S. agalactiae in pure B-casein. 
When the organism was grown in “reconstituted” milk 
containing pure B-casein as the only casein fraction, the 
casein apparently was unaffected. The concentration 
remained at 100 per cent B-casein. No change in electro- 
phoretic mobility or in solubility was observed. 


TABLE 7 


Changes induced by Streptococcus agalactiae in proportions 
of electrophoretic components of casein in skim 
milk maintained at pH 6.6 


Relative Conc, Per Cent* 


Days FS ncn Control Inoculated sample 
A D Avg A D Avg 
0 a 71.4 | 83.3 | 77.4 
8 28.6 | 16.7 | 22.6 
2 a 75.0 | 84.8 | 80.0 | 64.3 | 75.0 | 69.7 
8 25.0 | 15.2 | 20.0 | 35.7 | 25.0 | 30.3 
| a 72.0 | 83.8 | 77.9 | 59.2 | 65.0 | 62.1 
8 28.0 | 16.2 | 22.1 | 40.8 | 35.0 | 37.9 
*\ = Relative concentrations calculated from peaks in 
ascending pattern; D = relative concentrations calculated 


from peaks in descending pattern; Avg = Average of relative 
concentrations caleulated from ascending and descending 
patterns. 
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. Figure 4. Changes induced by Streptococcus agalactiae in 
electrophoretic mobility of components of casein of skim 
milk maintained at pH 6.6. A, a-casein, control; B, a-casein, 
inoculated; C, B-casein, control; D, B-casein, inoculated 


Changes induced by S. agalactiae in skim milk sterilized 
without heating the whey protein. The work of Larson 
and Rolleri (1955) has shown that heat treatment of 
skim milk causes the whey proteins to become de- 
natured and to precipitate with the casein components 
upon adjustment to pH 4.7. Fox et al. (1955) found that 
heat treatment, short of complete denaturation of the 
whey proteins, brings about the formation of a complex 
between a-casein and £6-lactoglobulin. These results 
suggest that the changes observed in the electrophoretic 
patterns in the present experiments might actually have 
been the result of the activity of the organism upon an 
a-casein-whey protein complex rather than upon pure 
a-casein, This point was investigated in an experiment 
using a reconstituted milk medium prepared by mixing 
heat-sterilized whole casein with whey sterilized by 
filtration through a membrane filter. No change in the 
relative proportions or mobilities of the a- or B-casein 
fractions was observed in the inoculated samples. There 
was 10 alteration in the solubility characteristics of 
the casein. The y-casein peak was present in all pat- 
terns. 

DiscUSSION 

The experimental results showed that S. agalactiae 
was capable of inducing a change in the relative con- 
centrations of the electrophoretic components of the 
‘asein of heat-sterilized skim milk. The change in com- 
ponent proportions manifested itself as an increase in 
the relative concentration of “B-casein,”’ accompanied 
by a proportionate decrease in the relative concentra- 
tion of ‘“a-casein.”” From an inspection of the electro- 
phoretic patterns, it appears that the change in pro- 
portions is a result primarily of the loss of material 
represented initially by the a-casein peak. Several 
possible mechanisms may be suggested: 

1. The a-casein is hydrolyzed at the peptide bond 
into fragments having the electrophoretic mobility of 
B-casein. Analysis of free amino groups, however, 
indicated that no proteolysis had occurred. Also, no 
new fractions appeared when S. agalactiae was cultivated 
in the presence of pure a-casein. 

2. The components seen as separate peaks are pure 
a- and 6-casein, and the change in proportions results 
from a change in the solubility characteristics of a- 
casein, causing this fraction to come out of solution, 
whereas the 6-casein remains unaffected. This proposi- 
tion cannot be accepted since it was demonstrated that 
the organism had no appreciable effect on pure a- 
“asein. 

3. The a-casein peak actually represents denatured 
whey proteins, in addition to the a-casein and possibly 
other casein fractions. S. agalactiae acts upon this 
artifact altering it in some way and, in so doing, pro- 
duces the change in the proportions of the “casein” 
fractions. The experimental evidence seems to support 
this interpretation. 
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There are several indications that the heat steriliza- 
tion changed the character of the casein, including (a) 
the abnormally high concentration of a-casein relative 
to the concentration of 8-casein in the 0-day control; 
(b) the lowered solubility of acid precipitated casein 
material following sterilization; and (c) the absence of 
the y-casein peak in the patterns. The work of Larson 
and Rolleri would seem to explain the change as re- 
sulting from the partial or complete heat denaturation 
of 8-lactoglobulin which was then precipitated with the 
casein during the purification and which migrated with 
the a-casein fraction during electrophoresis. 

While the inability of the organisms to alter pure 
a- or 8-casein reconstituted with whey was strongly 
indicative, their failure to induce a change in the pro- 
portions of the casein fractions when grown in recon- 
stituted milk containing filter-sterilized whey seems 
fairly concrete evidence that S. agalactiae does not alter 
the a- and 8-casein molecules, but rather produces a 
change in the complex formed when whey protein is 
heat sterilized in the presence of whole casein. The com- 
plex apparently was not formed during the sterilization 
of milk reconstituted with pure a-casein and whey. 

The mechanism by which the organisms produce these 
changes is not elucidated by this work. The decrease in 
mobility of both a- and 8-casein fractions during 
incubation suggests further denaturation in addition 
to that caused by heat. Denaturation is also indicated 
by the change in solubility characteristics of the casein. 
This denaturation may be related to the high concen- 
tration of lactic acid produced by bacterial metabolism. 

It must be remembered, in attempting to relate these 
data to the activity of S. agalactiae in raw cow’s milk, 
that none of the milk media used in this investigation 
reproduces exactly the conditions in normal milk. Each 
method of preparation produces some alteration in the 
milk constituents. 

SUMMARY 


The effects of Streptococcus agalactiae upon the 
electrophoretic pattern of the casein of cow’s milk was 
studied. It was found that the organism, when grown 
in heat-sterilized skim milk, induced an increase in the 
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relative concentration of the material represented by 
the B-casein peak, accompanied by a decrease in the 
relative concentration of the material represented by 
the a-casein peak. Experiments with reconstituted 
milk made up with whey sterilized by filtration indi- 
cated that the changes are brought about by the activ- 
ity of the bacteria upon an a-casein-whey protein 
complex formed during the heat-sterilization of the 
milk, rather than upon the casein fractions as they exist 
in nature. The increase in the relative concentration 
of 6-casein apparently derives from the microbially 
catalyzed change in the solubility characteristics of the 
a-casein-whey protein complex which becomes in- 
creasingly insoluble and, therefore, gradually disap- 
pears from the a-casein peak. 
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An investigation was made of the various factors 
affecting survival during storage of Serratia marcescens 
strain 8 UK after freeze-drying by a continuous vacuum 
sublimation method. 

Rogers (1914), Heller (1941), Fry and Greaves 
(1951), and Proom and Hemmons (1949) reported on 
environmental conditions affecting the storage survival 
of various types of bacteria; Naylor and Smith (1946) 
made a similar study of S. marcescens. Fry (1954) 
summarized the factors affecting survival as: 

1. Nature of the organism. 

2. Suspending medium. 

3. Conditions of growth and age of culture. 

4. Cell concentration of the suspension. 

5. Degree of vacuum and drying temperature. 

6. Atmosphere of storage. 

7. Temperature of storage. 

8. Residual moisture content. 

However, Fry does not distinguish between those 
factors affecting survival during drying and_ those 
affecting survival during storage. 

Our objective was to determine as accurately as 
possible those conditions most favorable to the storage 
survival of a strain of S. marcescens. The variables 
investigated were: residual moisture content, age of 
culture, control of pH during growth of the organism, 
concentration of cell suspension, atmosphere of storage, 
storage of whole pellets vs. ground powder, addition of 
glucose to the medium at the end of the usual sugar- 
utilization cycle, and temperature of storage. 


MATERIALS AND METHODS 


The organisms used in our investigations were 
propagated by methods described by Benedict et al. 
(1957) on a medium consisting of an aqueous mixture 
of 5 per cent dried skim milk solids, 3 per cent Wilson’s 
protopeptone no. 343,° and 2.2 per cent glucose (mono- 
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Corps, Fort Detrick, Frederick, Maryland. 
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Illinois. 
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hydrate). The composition of this medium was not 
varied except for purposes of pH control; NaOH was 
added during the sugar-utilization cycle and various 
inorganic acids during the protein-utilization cycle. 
Additional amounts of glucose also were added to three 
fermentations at the time when the initial glucose in 
the medium had been metabolized. 

Dried materials of three different types of cell sus- 
pensions were employed in our investigations and were 
obtained from the following fermentation products: 

1. Fermented medium, fortified with a protective 
material, having a solids content of 9 to 10 g per 100 
ml, referred to hereafter as fortified fermented medium. 

2. Bacterial paste produced by centrifuging diluted 
fermented medium in a Sharples supercentrifuge,® 
reconstituted in water or effluent from the centrifuga- 
tion, and fortified. Its solids content was approximately 
10 g per 100 ml. This suspension is referred to hereafter 
as reconstituted Sharples concentrate. 

3. Bacterial slurry produced from (a) undiluted or 
(b) diluted fermented medium by continuous centrifu- 
gation in a Sharples DV-2 centrifuge, and fortified. In 
(a) the solids content was approximately 16 to 17 g 
per 100 ml; in (b) the solids content was 15 g per 100 
ml. These suspensions are referred to as undiluted or 
diluted DV-2 concentrates. 

In all experiments, the protective material used im 
fortification was the mixture of ingredients proposed 
by Naylor and Smith (1946), except the dextrin portion 
was omitted. The fortified cell suspensions were rapidly 
frozen to uniform spheres in an ascending type ‘“‘pel- 
leter’’ (Maister et al., 1958). The frozen spheres or 
pellets were then continuously freeze-dried in the 
“Fort Detrick Continuous Dryer’ (Rhian et al., 1957), 
employing experimental modifications which had per- 
mitted the development of a readily reproducible proc- 
ess. 

The dried pellets were collected in glass suction 
bottles at the drier and stored in a low-temperature 
‘abinet at —18 C to minimize losses in viability of the 
organism prior to their transfer into storage tubes or 
their milling into powders. Before the pellets were used 
for either purpose, the collection flasks were removed 
and allowed to warm to room temperature. Moisture 
determinations were made in triplicate by the method 


6 The Sharples Corporation, Philadelphia, Pennsylvania. 
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of Flosdorf and Webster (1937) on all samples im- 
mediately before the storage period began. 

Storage tests were conducted on cells of the organism 
in the form of dried pellets or powders; the latter were 
obtained by grinding dried pellets in various milling 
devices (Pfeifer et al., 1958). Samples of these materials 
were sealed in Pyrex glass tubes under reduced pressure 
(40 w of mercury) or under atmospheres of dry air, 
oxygen, nitrogen, or helium at 760 mm of mercury. 

Because storage in vacuum was the most convenient 
procedure, it was adapted generally for the storage 
experiments with dried pellets. If not otherwise men- 
tioned, the reference “stored at 50 C”’ means that the 
material was ‘“‘stored in glass tubes evacuated to 40 u 
and sealed.” The level of 50 C was selected as the 
storage temperature because it produced in a short time 
the values necessary to evaluate the variables influenc- 
ing the storage survival of the organism. 

After storage at different temperatures for various 
periods of time, the tubes were opened and counts of 
viable cells were made. Viable cell counts in all cases 
were performed by a “‘streak-plate’’ method originated 
at Fort Detrick and modified by Benedict et al. (1957). 
Tubes in which the vacuum was lost during storage were 
discarded. 


Apparatus and Procedures 


The two different types of storage tubes used in the 
investigations are shown in figure 1. The side arm 
tubes were used for storing dry pellets, whereas the 
straight-neck tubes were used for storing powdered 
material. Since both pellets and powder are extremely 
hygroscopic, they must be stored and handled in a dry 
atmosphere, and storage tubes prior to filling should be 
kept in a desiccator to insure a dry atmosphere inside 
the tube. 

In our experiments, it was found that dried pellets 
could be transferred in the laboratory directly from the 
collection bottle to the glass tubes without the use of a 
dry-air box. This was accomplished by connecting the 
side arm of the collection bottle to the side arm of the 
glass tube by means of a short length of rubber tubing, 
as shown in figure 2. The storage tube could then be 
filled by shaking pellets through the connected side 
arms, after which the tube was disconnected and its 
side arm sealed with a hand torch. Transfer of powdered 
material required working inside a dry-air box, the 
humidity of which was first reduced to zero. 

After being filled, tubes of both types were evacuated 
to 40 uw on the manifold apparatus shown in figure 1. 
They could then be sealed off immediately, or an inert 
gas such as nitrogen could be admitted into the tube 
before sealing. A standard Hoke hand torch with cross- 
fire attachments as described by Flosdorf (1949) was 
used for the sealing operation. Evacuation of the tubes 
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prior to admission of an inert gas was necessary because 
the air apparently could not be completely displaced 
from within the porous pellets or granules of powder by 
passing the inert gas through them at ordinary at- 
mospheric pressure. A vacuum-tight seal on the tubes 
containing powder was also extremely difficult to 
obtain, probably owing to the fact that when the 
tubes are filled a film of powder remains in the neck 
preventing a perfect seal. For this reason, all tubes of 
powdered material were stored in a nitrogen atmosphere 
after early experiments showed that this treatment did 
not affect the viability of the organisms. After sealing, 
all tubes were labeled for identification, and those 
containing material under high vacuum were tested 
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Figure 1. Manifold apparatus and storage tubes. 
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with a Tesla’ spark coil prior to storage at the desired 
temperature. 

Procedure for a typical experiment. The bottle con- 
taining pellets or ground powder was removed from the 
low-temperature cabinet (—18 C) and allowed to warm 
to room temperature. A towel was usually tied over the 
bottle to prevent the rubber stopper from being blown 
out during the warming process. 

Whole pellets. The cap over the side arm of the 
collection bottle was removed and a short piece of 
rubber tubing attached and clamped tightly to exclude 
room air. A Pyrex glass tube was then taken from the 
desiccator, the neck stoppered with a rubber bung, and 
the side arm attached to the free end of the clamped 
rubber tubing. Pellets were then shaken out of the bot- 
tle, through the rubber tubing, and into the glass tube 
until it was about one-third full. The rubber tubing was 
then reclamped, the glass tube removed, the side arm 
plugged with a piece of glass wool and stoppered with a 
small cork. This process was repeated until the desired 
number of tubes was obtained. The side arms were then 
sealed off between the cork and the glass-wool plug, and 
after removal of the rubber stoppers, six tubes were 
attached to the manifold apparatus for evacuation and 
vacuum applied. When the pressure was reduced to 
40 uw, as measured by a tilting McLeod’ gauge, the tubes 
could be either sealed off at once at the restricted por- 
tion of their necks, or the apparatus could be clamped 
off from the vacuum pump and a gas, for example nitro- 
gen, admitted at about 5 psig into the tubes. Excess 
pressure on the system was then released by pulling out 
one of the ground-glass joints of the manifold very 
slightly, and each tube was then sealed with the 
Hoke’ hand torch. After labeling for identification, 
those tubes under vacuum were tested with a Tesla 
spark coil. They were then divided and stored as 
shown in table 1. Not all experiments included storage 
at all of the temperatures indicated in the table. 

Powders. The hygroscopic nature of powders neces- 
sitated their processing inside a dry-air box. Repeated 
transfers of the ground material were made with a 
spatula until each tube contained about one-half in. 
of powder. The neck of the tube was then reamed with a 
small brush to remove as much of the adhering powder 
as possible, and finally stoppered with a cork. The de- 
sired number of filled tubes were evacuated on the 
manifold apparatus, flushed with nitrogen by the 
procedures outlined above, and stored in the same 
manner as the tubes containing pellets at temperatures 
of 50, 20,5, and —18C. 


7 Fisher Scientifie Company, St. Louis, Missouri. 
‘F. J. Stokes Machine Company, Philadelphia, Pennsyl- 
vania. 


* Hoke Incorporated, Englewood, New Jersey. 


RESULTS AND DISCUSSION 


Effect of moisture content. Frozen pellets prepared 
from (a) fortified fermented medium and (b) DV-2 
concentrate were dried to products with moisture 
contents varying from 0.5 to 2.5 per cent. No attempts 
were made to dry below a moisture level of 0.5 per cent 
because previous experiments indicated that the re- 
covery of viable cells in pellets dried below 0.5 is less 
than 10 per cent. The dried pellets at varying moisture 
contents were stored at 50 C for 6 weeks and then 
plate-counted. 

The results compiled in table 2 demonstrate clearly 
that the most favorable moisture content for storage 
survival of (a) and (b) is between 0.5 to 0.6 per cent. 
When dried to a moisture content above 2 per cent, the 
organism does not survive a 6 weeks’ storage at 50 C. 
Entirely contrary is its drying recovery (Maister et al., 
1958). Evidently owing to the greater heat application 
required for producing moisture levels below 2 per cent, 


TABLE 1 


Division and storage of tubes under vacuum 


No. of | 


— Tubes | Sampling and Storage Periods Storage Apparatus 
Required | 
| 
Cc 
—18 12 | 1,3, 5, 7, 9, 12 months Low-temp cabi- 
net 
5 12 1, 3, 5, 7, 9, 12 months Low-temp cabi- 
net 
20 12 1, 2, 3, 4, 5, 6 months Water bath 
35 10 1, 2, 4, 8, 12 weeks Incubator 
50 8 1, 2, 3, 6 weeks Incubator 
60 10 1, 2, 3, 5, 6 days Incubator 


70 | 10 | 2,4, 8, 12, 24 hours Water bath 
80 10 10, 30, 60, 90, 120 minutes | Water bath 








TABLE 2 
Effect of moisture content of dried pellets on survival 
during storage 





Frozen Pellets Dried Pellets Survival During 

















Storage* 
Viable cell | Viable cell | Viable | Viable cell | ,.> 
Type of material | count per g | °é count per g | cell re- | count perg 3s 
of dry solids | = of dry solids | covery | of dry solids | O 
% % % 
Fermented 1298X 109 |2.11) 1047 10° | 80.7 None 0 
medium 1298 {1.58 1010 77.8 14X109 | 1.5 
1298 {1.34 954 73.5 210 = =—({21 
1298 1.17 943 72.7 223 = 23 
1298 (0.56) 731 56.3) 423 (58 
1298 0.51 717 55.2 478 67 
DV-27 con- 3630 = (2.41 3750 100 110 2.9 
centrate 3630 §=(1.10) 3500 96.4 1740 §=.50 
3630 «(0.85 2715 74.8 1525 54 
3630 (0.56 2250 62.0) 1450 64 


* Dried pellets stored in sealed tubes, evacuated to 40 u 
mercury at 50 C for 6 weeks. 
+ Sharples centrifuge. 
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cells of weak biological condition are inactivated, 
whereas stronger cells survive the drying and storage 
condition better. 

Calculation of ST values. After several preliminary 
experiments had been performed, an examination of 
the collected data showed that the rate of “killing” of 
the organisms followed the same course as that of a 
monomolecular chemical reaction, that is, a plot of the 
logarithm of the concentration of viable cells vs. time 
yielded a straight line. This result was to be expected 
since the loss of viable cells should be proportional to the 
concentration of living cells present. Upon completion 
of each storage experiment points were plotted for data 
obtained at each temperature, and straight lines could 
be drawn through them as shown in figure 3. The time 
required for a 50 per cent reduction of the original 
viable cell population (ST50) was then calculated for 
purposes of comparison, using the method of least 
squares to obtain the most probable value. Results 
were thus put on a more comparable basis than would 


12.4-- 
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nN 
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Figure 3. Plot of typical experimental data for calculating 


ST 50,values. 


TABLE 3 


Storage survival of dried cells prepared from medium 
harvested at different cultural ages 


Moisture Content of 





Age of Culture Stored Pellets STso at 50 C 
bac < “alana % "weeks oa 
16 1.81 1.4 
20 1.32 9.7 
24 1.20 14.7 
28 1.07 14.6 
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be possible by merely reporting the number of cells 
remaining alive after various periods of time. 

Effect of time of harvest. Several experiments were 
carried out to determine whether the age of the culture, 
within the limits of the optimum range for drying 
survival, had any influence on its storage survival. Sam- 
ples of a culture were harvested at periods of 16, 20, 24, 
and 28 hr, processed and dried as uniformly as possible, 
and stored at 50 C. The results of one of these experi- 
ments are shown in table 3. 

Although the STs value for the sample harvested at 
16 hr is somewhat depressed on account of its higher 
moisture content, it can be seen that the ability of the 
organisms to survive in storage improves with increas- 
ing age of culture until a leveling off is reached at 24 hr. 

Effect of pH control and concentration of cell suspension. 
A number of experiments were carried out to compare 
both the effects of controlling the pH level during the 
course of the fermentation and the effects of concentrat- 
ing the cells by different centrifugation procedures. In 
some of these experiments, the pH was controlled only 
during the sugar-utilization cycle by adjustment with 
NaOH to 6.5 to 7.0 at the end of the second and fourth 
hr of the fermentation. In others, the pH was main- 
tained between limits of 6.8 to 7.2 during the entire 
fermentation period by adding NaOH during the sugar- 
utilization cycle and an inorganic acid during the 
protein-utilization cycle. Each suspension was fortified 
with the protective material before pelleting. After 
pelleting, the materials were dried under carefully 
controlled conditions to 1 per cent moisture and stored 
at 50 C for periods up to 6 weeks. Results are shown 
in table 4. 

TABLE 4 


ST's values obtained in experiments on pH control 
and cell concentrations 


STs0 at 50 C, 


Type of Dried Pellets pH Control othe | aan 
ments 
z* st 
Fermented medium | None 6 LS. } 4A 
NaOH, 2 and 4 hr 10 6.5 1.8 
DV-2t concentrates 
from: 

Undiluted culture | NaOH, 2 and 4 hr 11 18; 12 
NaOH + H.SO, 4 o.8 1.1 
NaOH + HCl 2 6.4 | 0.3 
NaOH + H;PO,; 5 8.7 1.9 
Diluted culture NaOH, 2 and 4 hr. 5 pee | At 
NaOH + H2SO, 2 3.4 0.4 
NaOH + HCl 2 6.4 | 0.2 
NaOH + H;PO; 1 6.4 — 


Reconstituted 
Sharples con- 
centrate NaOH, 2 and 4 hr 4 a 

NaOH + H;PO, 1 0.9 — 


a 
S 
_ 


* Arithmetic mean. 
+ Standard deviation of runs. 
t Sharples centrifuge. 
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After preliminary experiments clearly showed the 


value of controlling pH during the sugar-utilization 
cycle, NaOH was added to all subsequent fermentations 
during this period. Of the three inorganic acids investi- 
gated, H;PO, gave the highest average value of STs of 
8.7 weeks, but this average appears to be only slightly 
better than the ST 50 of 7.8 weeks obtained with no acid 
at all. 

Table 4 shows that dilution of the medium prior to 
concentration in the DV-2 centrifuge has a slightly 
unfavorable effect on the storage survival of the 
organisms. This effect is probably caused by the con- 
siderable decrease in the slurry of the amount of pro- 
tective materials which are present in the undiluted 
fermented medium. Also, it can be seen that, whereas 
undiluted DV-2 concentrates are superior to fermented 
media, diluted concentrates are about equal. In our 
investigations the lowest storage survival was observed 
with reconstituted Sharples concentrate, evidently due 
to the removal of a majority of the protective materials 
during the centrifugation process. The best storage 
results were obtained with a combination of pH control 
with NaOH and H3;PQx,, and a concentration of the 
cells in the DV-2 centrifuge without prior dilution of 
the medium. 

Comparison of atmospheres used for storage. Rogers 
(1914) investigated the effects of various atmospheres 
on the survival of dried cultures of bacteria. He re- 
ported the highest survival with vacuum storage 
and the lowest survivals with air and oxygen; results 
with nitrogen, hydrogen, and carbon dioxide were 
intermediate. Naylor and Smith (1946) confirmed 
Rogers’ findings that storage in nitrogen is inferior to 
storage in vacuum. Our investigations only partially 
corroborate the findings of these workers. Preliminary 
experiments definitely showed that the survival of 
S. marcescens is much lower in oxygen and in dry air 
than in vacuum or an inert gaseous atmosphere. 

Our early experiments also appeared to confirm 
Rogers’ findings concerning the relative merits of 
vacuum and inert gas storage. In filling the storage 
tubes with an inert gas at atmospheric pressure, dry air 
had simply been displaced, and it was assumed that 
there might be a possibility that all of the air had not 
been completely removed from the extremely porous 
solid material. Additional experiments were carried out, 
therefore, in which all storage tubes were first evacuated 
to 40 u before admitting inert gas. The gas was allowed 
to flow in directly from the storage tank with no special 
precautions being taken to insure absolute dryness by 
passing it over a drying agent. High purity nitrogen 
was used for all experiments. After the gas inside the 
tube had been adjusted to atmospheric pressure, the 
tubes were sealed and placed in storage at 50 C. Results 
of experiments in which dried pellets were stored under 
atmospheres of nitrogen or helium, or under vacuum, 


are shown in table 5. An analysis of variance shows that 
there is no significant difference in the storage effects 
of these three atmospheres. 

Storage of ground material vs. whole pellets. To test the 
relative survival of ground material as compared with 
that of whole pellets, a considerable number of samples 
were reduced to fine powders in the Spinco! mill 
as described by Pfeifer et al. (1958) and, subsequently, 
were stored at 50 C. Originally these samples were 
stored under vacuum but, when storage under nitrogen 
was found to give equally good results, its routine use 
was adopted, since it was difficult to obtain a vacuum- 
tight seal on the straight-neck tubes containing powder. 
Results of 24 experiments with dried pellets and pow- 
ders prepared from them gave the following average 
ST 50 values at 50 C: dried pellets, 6.7 weeks; powders, 
3.8 weeks. Apparently, organisms prepared in the 
form of pellets and stored at 50 C have almost double 
the storage life exhibited by ground powder. 

Effect of sugar added to the fermenting medium. The 2 
per cent glucose in the basal fermentation medium is 
ordinarily completely metabolized by S. marcescens 
during the first 4 hr of fermentation. To investigate the 
effect. of lengthening the period of sugar consumption, 
an additional 2 per cent of glucose was added to each of 
three fermentations at the end of the usual sugar-utili- 
zation cycle. NaOH was used to maintain the pH level 
in the range of 6.8 to 7.2 during the first part of each 
fermentation. In one, the pH was also controlled during 
the protein-utilization cycle with H;PO,. After fermen- 
tation was complete, each medium was divided into two 
portions, one of which was diluted with an equal volume 
of water. Each portion was then concentrated to 12- 
to 14-per cent solids in the Sharples DV-2 controlled 
manner. Samples of dried pellets from both the diluted 
and undiluted portions were ground in a Spinco mill 
and stored at 50 C along with samples of whole pellets. 
Results are shown in table 6. 

As these results indicate, the addition of sugar did not 
increase the survival of cells during drying, when they 
were grown in a medium with the pH controlled only 
during the sugar-utilization cycle. The survival, how- 


10 Specialized Instruments Company, Belmont, California. 


TABLE 5 
ST 50 of pellets stored at 50 C under indicated atmospheres 





STso Values at 50 C, Weeks 
Type of Material 


Vacuum Nitrogen | Helium 
Fermented medium 1.6 ei 1.6 
y 2.0 2.0 1.6 
1.6 a3 1.3 
DV-2* concentrate: 
Diluted culture 7.9 4.5 5.3 
Undiluted culture 11.3 10.4 


16.3 


* Sharples centrifuge. 
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ever, was much higher for cells propagated in a medium 
where the pH was maintained throughout the fermenta- 
tation in the range of 6.8 to 7.2 with NaOH and H;PQx,. 
The most interesting result of this test series is the 
STs value of 8.9 weeks obtained with powdered 
material produced from undiluted DV-2 concentrate of 
a medium in which the pH was controlled throughout. 
This value approximates the value for dried pellets, a 
phenomenon entirely contrary to the previously 
stated findings of 24 experiments with no sugar addi- 
tion. Unfortunately, this phenomenon was observed in a 
very limited number of experiments and could not be 
studied in greater detail. Other investigators may wish 
to explore further this strong indication that an exten- 
sion of the sugar-utilization cycle produces a signifi- 
cantly higher storage survival in powdered material. 

Effect of storage temperature. Rogers (1914) and 
Proom and Hemmons (1949) have reported that the 
loss of viable cells is strongly affected by the tempera- 
ture of storage. Our own investigations confirmed this 
fact. For example, a typical experiment on dried pellets 
pH-controlled fermentation (NaOH plus H;PQx,) 
yielded the following STs values: 


Storage conditions ST so values 


80 C 2.1 hr 

70 C 11.9 hr 

60 C 22.4 days 
50 C 5.8 weeks 
35 C 77.8 weeks 


Pellets were stored in tubes evacuated to 40 yw and 
sealed. This experiment was the only one for which a 
sufficient decrease in viability at the 35 C storage level 
was noted during a 12 weeks’ observation period, thus 
making it possible to calculate the STs. value. One 
sample of powdered material stored at 20 C showed 
enough decrease in viability during a 6 months’ ob- 
servation period to allow calculation of its ST5o value, 
which was 32.9 months. In all other experiments where 
dried pellets or powder were stored at 5 C and —18 C, 


TABLE 6 
ST so values of pellets and powers derived from cultures 
supplemented with glucose during propagation 


STso at 50 C, Weeks 
Type of pH Control Undiluted culture Diluted culture 





Powder 


Pellets Ponder Pellets. 
Glucose added*: 
NaOH only 12.0 4.4 12.3 5.8 
NaOH + H;PO, 9.5 8.9 10.9 4.0 


Glucose not added?: 


NaOH only 7.4 2.2 5.3 3.84 
NaOH + H;PO, 8.7 5.3 6.4 2:2 





* To the original medium containing 2 per cent glucose an 
additional portion of 2 per cent glucose was added after 4 hr 
of fermentation. 

+ Medium contained only 2 per cent glucose. 
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the number of viable cells remained at the same level 
during a 12-months’ storage period. 

In some experiments the viable cell count increased 
with time so that after a period of 12 months the count 
per g of dry solids was restored to the same level as that 
of the freshly harvested culture. Since an actual growth 
and reproduction of cells is very unlikely under the 
storage conditions, low temperatures and_ pressure, 
other factors must be responsible for this phenomenon. 
Possibly, certain enzyme systems of the cells were in- 
activated during the drying process and were gradually 
restored during storage at 5 C or below. There may be 
other explanations, such as clumping of the freshly 
dried material during plating thus decreasing the count 
at the beginning of the storage period, or changes in 
the assay procedure. Regardless of the explanation, it 
is apparent from the results of a considerable number 
of long-range storage experiments that S. marcescens 
‘an be stored under vacuum or nitrogen at a tempera- 
ture of 5 C or below without any loss of viability for 
periods over 1 year. 

Attempts to correlate storage at 80 C with storage at 
lower temperatures. Proom and Hemmons (1949) sug- 
gested that the survival of organisms at elevated 
temperatures (70 to 80 C) might be used as an indica- 
tion of their ability to survive at lower temperatures 
(20 C or below). If this were true, factors affecting the 
storage survival of organisms at a low temperature 
could be evaluated in a small fraction of the usual time 
by subjecting the organisms to considerably higher 
temperature. However, our investigations did not con- 
firm this hypothesis. Examination of data in table 7 
shows that pellets prepared from a concentrate of 
diluted medium were less stable at both 80 and 50 C 
than those from undiluted medium, and in some cases 
samples showing low survivals at 80 C had high STs 
values at 50 C and vice versa. 


TABLE 7 


Storage survival of Serratia marcescens at 80 and 50 C 


STs0 
Type of Pellets* pH Control : 
50 C, 80 C, 
weeks min. 
Concentrate from: 

Undiluted medium NaOH at 2 and 4 hr 7.4 36 
Diluted medium NaOH at 2 and 4 hr 5.3 30 
Undiluted medium NaOH + H;PO, 8.7 116 
Diluted medium NaOH + H;PO, 6.4 50 
Undiluted medium NaOH + H-SO, = ef 81 
Diluted medium NaOH + H.SO,; 3.4 50 
Undiluted medium NaOH + HCl 6.4 63 
Diluted medium 6.4 58 


NaOH + HCl 


* Pellets from Sharples DV-2 concentrate stabilized with 
identical protective mixtures. 





























1958] STORAGE OF S. 


ACKNOWLEDGMENT 

The authors are grateful to Geraldine B. Meyers, 
Carolyn S. Kemp, and Edward F. Baer of the Fer- 
mentation Laboratory of the Northern Division for 
making viable cell counts, and to Carl R. Martin, 
Lloyd H. Burbridge, and Albert Clark of the Engineer- 
ing and Development Laboratory for their assistance 
in carrying out the experiments. 

SUMMARY 

The survival during storage of freeze-dried Serratia 
marcescens Was found to be depressed in material having 
a moisture content higher than 2 per cent. The best 
results were obtained with a moisture content of about 
0.6 per cent for concentrated material and about 0.5 per 
cent for fermented medium. 

The survival rate of dried cells derived from fermen- 
tations harvested at four intervals between 16 and 28 
hr was the lowest at 16 hr and improved with culture 
age up to 24 hr. 

Control of the hydrogen ion concentration with 
NaOH during the sugar-utilization cycle of the fer- 
mentation has a beneficial effect upon the storage sur- 
vival of S. marcescens. Maintenance of the pH level 
between 6.8 and 7.2 with H;PO, during the protein- 
utilization cycle has an additional favorable effect. 
The effect was not apparent when either HCl or H,SO, 
was substituted for H;PO,4. The addition of glucose at 
the end of the usual sugar-consumption cycle further 
increased the storage survival of the ground product. 

Dried materials obtained from concentrates of the 
DV-2 centrifuge have superior storage qualities over 
those from unconcentrated materials. Dilution of the 
medium prior to concentration in a DV-2 centrifuge or 
a Sharples supercentrifuge has an unfavorable effect on 
the storage survival of the dried organism. 

Storage of dried cells under nitrogen and helium pro- 
duced the same results as storage under vacuum when 
all the air was removed by applying vacuum. Storage 
of ground material under nitrogen was a more reliable 
procedure than vacuum storage because of the diffi- 
culty of obtaining a vacuum-tight seal when a powder 
was used in the storage tubes. 
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Dry material in pellet form was able to be stored 
approximately twice as long as dry powders. 

The temperature of storage exerts a profound effect 
on the survival of S. marcescens. At a temperature of 
50 C the organisms do not remain alive for more than 
a few weeks, whereas at 20 C and below practically no 
decrease in viability could be observed after 6 months 
of storage. In such cases at 5 and —18 C the cell counts 
at 12 months were found to be restored to the levels of 
the freshly harvested cultures. Survivals at 80 C could 
not be correlated with those at 50 C. 
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The predominant type(s) of microbial flora and the 
changes in types resulting in the particular ascend- 
ency pattern on spoiled chicken meat has been a sub- 
ject of study by various investigators. Ayres et al. 
(1950) identified the microorganisms contributing to 
spoilage of chicken meat which had received no treat- 
ment other than chilling. Walker and Ayres (1956) 
concluded that the increase in numbers of organisms 
on the surface of birds during processing could be 
attributed to the distribution (by washing and han- 
dling) of organisms occurring on the feet and feathers 
and in the feces and intestinal tract. Yeast were found 
to be present initially at levels of about 1000 per cm? 
and after 2 weeks’ storage to increase 100-fold. The 
types found were reported to belong to the genera 
Rhodotorula, Cryptococcus, and Torulopsis. Ziegler and 
Stadelman (1955), in reporting the results of work 
involving treatment of poultry meat with chlortetra- 
cycline, state that yeasts having the shape and budding 
characteristics of Saccharomycetaceae and gram-nega- 
tive rods formed the predominant flora of the meat 
treated in this manner. Ayres et al. (1956) found that 
yeast numbers were higher on chlortetracycline-treated 
birds than on controls and they indicated that the 
marked reduction in bacterial numbers may provide a 
more readily available substrate for yeast development. 
Njoku-Obi et al. (1957) reported studies on the isolation 
and identification of the fungal flora of spoiled, chlor- 
tetracycline-treated chicken meat. They found repre- 
sentatives of five genera of yeasts to be present on 
these spoiled carcasses whereas only three genera were 
found on the spoiled untreated controls. They also 
commented on the potential pathogenicity of Candida 
parapsilosis which they isolated from the antibiotic- 
treated meat. 

This report covers a study which was undertaken to 
gather more information on the yeast types developing 
on both chlortetracycline- and oxytetracycline-treated 
poultry meat as well as the increases of spoilage from 
yeast development after treatment with antibiotics. 


EXPERIMENTAL METHODS 


Thirty chlortetracycline (CTC)-treated, 30 oxytetra- 
eycline (OTC)-treated, and 30 untreated chicken halves 


1 Journal paper no. 1263 of the Purdue Agricultural Experi- 
ment Station. 

2 Presented in part at the 57th General Meeting of the 
Society of American Bacteriologists, Detroit, Michigan, April 
28 to May 2, 1957. 
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were used in this study. Ten halves of each group were 
stored at temperatures of 3, 9, and 12 C. The chickens 
were killed, scalded at 60 C for 40 sec, mechanically 
picked, warm eviscerated, halved, chilled, and treated, 
Antibiotic treatment consisted of immersing the chilled 
halves in a cooled solution containing 10 ppm CTC or 
OTC for 15 min. After treatment, they were cleaned, 
placed on paper-board trays, and sealed in polyethylene 
bags. The presence of slime and off-odors were used 
as indicators of spoilage. Stained smears made from 
the spoiled birds were examined to determine relative 
changes in the microflora as storage time progressed. 

Yeast isolations were made on acidified potato dex- 
trose agar. The inoculum for these plates was obtained 
by swabbing 1 cm? of skin surface with a sterile swab, 
washing in sterile buffered water, and then making 
serial dilutions. The plates were incubated at 20 C for 
5 days, after which isolations were made. The yeast 
classification key followed was that of Lodder and 
Van Rij (1952). 


RESULTS AND DiIscussION 


At 3 C, the percentage of birds showing a predomi- 
nant yeast flora at the time of spoilage was found to 
be much greater with the meat which had been given 
treatment with an antibiotic. Spoilage from overgrowth 
of yeast is greater for the CTC-treated meat than for 
that dipped in OTC (table 1). This may be due, how- 
ever, to the longer storage time obtained by the use of 
CTC (table 2). Further observations are being made 
comparing flora at specific times prior to spoilage. 

At the higher storage temperatures (9 C and 12 C) 
none of the antibiotic-treated birds was found to have 
a spoilage flora which was predominantly yeast. The 
storage times with antibiotic treatment at these higher 
temperatures were close to those obtained on untreated 
birds at 3 C (table 2). None of the untreated birds was 
found to have a spoilage flora predominantly yeast, 


TABLE 1 


Per cent of chickens stored at 3 C having a predominant yeast 
flora at time of spoilage 


Method of Application Controls | Chlortetra-| Oxytetra- 


cycline cycline 
: ae % % % 
Dipped in antibiotic solution 
after chilling.......... ee 0 30 10 
Antibiotic added to chill tanks. 0 30 10 
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indicating in addition to the competition by bacteria 
for nutrients the increased time necessary for growth 
of the slower developing yeasts. 

The yeasts isolated from the spoiled poultry which 
had received no antibiotic treatment were found to 
consist of members of two genera: Rhodotorula and 
Torulopsis (table 3). Eighty per cent were of the genus 
Rhodotorula. R. glutinis made up 40 per cent of the 
isolations of this group, whereas R. aurantiaca and R. 
minuta each represented 20 per cent of the types 
isolated. Torulopsis candida and T. famata accounted 
for the remainder of types found on these spoiled 
control birds. These results are in accord with the 
findings of Walker and Ayres (1956). 

The chicken meat which was treated with 10 ppm 
OTC solutions had a shelf life greater than that of the 
untreated controls (table 2). One of these OTC-treated 
chicken halves stored at 3 C was found to have a flora 
composed very predominantly of yeasts at time of 
spoilage. Seventy-eight per cent of the yeast types 
isolated from spoiled OTC-treated meats belonged to 
the genus Rhodotorula. Similar to the findings with the 
controls, over one-half of these species were R. glutinis; 
R. aurantiaca and R. minuta were the other Rhodotorula 
found. Torulopsis candida made up 21 per cent of all 
the other types isolated from these birds. 

The birds treated with 10 ppm CTC had a longer 
shelf life than the other two groups but the number of 
chickens showing predominant yeast flora at time of 
spoilage was also higher. Three of these birds (held 
under 3 C storage) were found to be spoiled by over- 
growth of yeasts. Species of Rhodotorula still accounted 
for the largest numbers found on these CTC-treated 


TABLE 2 
Average number of days to spoilage 
Storage temperatures, C: 


Treatment 3 9 12 
Avg no. days 


Chilled only . 10 


6.0 5.0 
10 ppm Oxytetracycline 15 8.0 7.0 
10 ppm Chlortetracycline...... 18.0 7.0 7.0 


TABLE 3 
Species distribution of yeasts isolated from chickens which 
received different antibiotic treatments, expressed as 
per cent of total isolates 


Chlortetra- | Oxytetra- 


Yeast Type Controls cycline | cycline 
Rhodotorula glutinis..... = 40 35 43 
R. aurantiaca Suche 25 20 30 
R. minuta : ‘ 15 | 0 7 
R. flava 15 20 0 
Torulopsis candida ; 0 17 20 
T. famata 5 0 0 
Cryptococcus luteolus. . atk 0 8 0 


chickens, representing almost 64 per cent of the yeasts 
isolated. Torulopsis and Cryptococcus species each ac- 
counted for 18 per cent of the identified isolates. Rhodo- 
torula glutinis made up 36 per cent of the isolations of 
this genus while R. aurantiaca and R. flava accounted 
for 18 and 8 per cent, respectively. Torulopsis candida 
and Cryptococcus luteolus were the only other types 
found. 

The number of yeast cells per cm? varied widely 
within each group but generally they were found to be 
within the ranges of 1 to 100 million on CTC-treated 
birds, 100 thousand to 100 million on those treated with 
OTC, and 10 thousand to 100 thousand on the un- 
treated meats. 

These studies indicate in agreement with Ayres et al. 
(1956) and Njoku-Obi et al. (1957) that the develop- 
ment of yeasts upon antibiotic-treated poultry meat is 
a result of suppression of competition between the. 
yeasts and the bacterial flora on the birds. There 
does not seem to be much evidence for assuming that 
the antibiotics used at the 10 ppm level are directly 
responsible for yeast growth due to stimulating effects 
upon the yeast cells, because types, and their relative 
percentages, as found on the antibiotic treated birds 
were very similar to the values for the controls. How- 
ever, Torulopsis candida could be an exception to this. 
It was found to comprise 17 and 20 per cent of the 
isolations from CTC- and OTC-treated birds and was 
not found at all on the controls. Of the yeasts isolated, 
none were found to be sporeforming and none were 
found to be pathogenic varieties. 
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SUMMARY 


The development of yeasts upon antibiotic-treated 
poultry meat was studied. Yeasts isolated from treated 
and untreated birds fell into the three genera; Rhodoto- 
rula, Torulopsis, and Cryptococcus. 

A greater per cent of the treated meat had a pre- 
dominant yeast flora than did the untreated. A greater 
percentage of chlortetracycline-treated chickens devel- 
oped yeast spoilage than did oxytetracycline-treated, 
possibly due to somewhat longer storage times allowed 
by chlortetracycline and greater reduction of competi- 
tion by bacteria. ; ‘ 

Stimulation of Torulopsis candida by the antibiotic 
is suggested. 
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The important role played by ruminal bacteria in 
the nutrition of the ruminants has been recognized for 
many years. Ruminal bacteria bring about the digestion 
of cellulose and furnish the host animal with a certain 
proportion of its amino acids requirements besides 
many of the water-soluble vitamins (Elsden and Phil- 
lipson, 1948; Owen, 1951; Doetsch and Robinson, 
1953; Edwards, 1955). 

Although a considerable amount of work has been 
done on the relation of the microflora to the nutrition 
of cattle, comparatively little has been published on 
the same subject in sheep. It has been reported that 
the total counts of rumen bacteria in sheep are greatly 
affected by the type of ration (Gall et al., 1948 and 
1949a; Moir, 1951; Williams and Moir, 1951; Nottle, 
1956). The total numbers of ruminal bacteria varied 
greatly among different individual sheep fed on the 
same diet (Moir, 1951; Williams and Moir, 1951). 

Marked seasonal fluctuations in total numbers of 
ruminal bacteria in sheep were attributed by Moir 
(1951) to changes in protein content of the diet. Nottle 
(1956) suggested that factors other than diet, such as 
light and temperature, may cause the seasonal variations. 

Williams and Moir (1951) stated that although diur- 
nal variations are considerable, yet, for most types of 
rations, the concentration of ruminal bacteria is at a 
minimum before feeding and is maintained at a higher 
level from 3 to 10 hr after feeding. The results obtained 
by Nottle (1956) do not agree with the previous state- 
ment since he obtained very different curves when 
sheep were fed on casein and gluten. 

The rumen bacteria convert a considerable amount of 
food protein to their cellular protein, which in turn 


serves as a protein source for the host animal (MeDon- 
ald, 1954). Therefore, the total count of ruminal bae- 
teria as influenced by different rations may serve as a 
good index for the nutritive value of the different diets. 
Most of the reported counts on ruminal bacteria in 
sheep were done on samples taken at a certain hr, 
usually 6 hr after feeding. The results obtained by 
Nottle (1956) showed that comparisons between such 
counts do not give a real picture of the influence of 
various diets on ruminal bacteria. Consequently, this 
work was carried out to determine the variations in the 
concentration of free ruminal bacteria of sheep several 
hr after feeding the animals with different rations. 
Furthermore, this study is part of a research project 
initiated by El-Shazly (1958) to study the nutritive 
value of various Egyptian feeds for the Rahmani sheep. 
Therefore, more can be learned regarding the relation- 
ship between changes in bacterial number and chemical 
activities that occur in rumen after feeding. 


MATERIAL AND METHODS 


Experimental animals. Two Rahmani ewes of 2! 
years of age were chosen from the sheep flock bred on 
the college farm because of their similarity in age and 
appearance. 

Each feeding period extended over 3 weeks and the 
samples were collected on the 20th day because Wil- 
liams and Moir (1951) have shown that this period is 
usually sufficient to bring about adjustments of the 
ruminal microorganisms in sheep. Sometimes, the ani- 
mals were given rest periods between the different diets 
as shown in table 1. 

Rations. Each animal was offered daily one kg of 
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chopped wheat straw plus a certain amount of one of 
the tested concentrates to bring the total nitrogen in- 
take up to 10 g. Eight different concentrates were used, 
namely, fish meal, decorticated cotton-seed cake, dried 
beans (Vicia faba), meat meal, linseed oil meal, casein, 
berseem (7'rifolium alexandricum), and dried beans plus 
starch. 

The concentrate was given to the animals at 9:00 
a.m. and the chopped straw at 9:30 a.m. after the 
concentrate was completely ingested. Animals had 
access to water from 6 to 8 a.m. and from 2 to 3 p.m. 

Sampling. Approximately 50 ml samples of rumen 
contents were drawn by using the stomach tube tech- 
nique (Gall et al., 1949a, b). Individual samples were 
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taken at hourly intervals from 8:45 to 11:45 a.m., 
then one more sample was collected at 2 p.m. and 
another one at 4 p.m. Each sample was passed through 
cheese cloth to remove the large particles of feeding 
materials. Ten ml of the strained sample were imme- 
diately pipetted into a large test tube, and quantita- 
tively formalized to prevent any changes in the mi- 
crobial flora until the tubes reached the laboratory for 
bacterial count. 

Bacterial count. Although different methods for 
counting rumen bacteria have been employed by dif- 
ferent workers, the modification of Gall’s (1949) nega- 
tive staining technique with nigrosine as reported by 
Moir (1951) was used throughout this work. This 


TABLE 1 


Initial and the highest count of ruminal bacteria in sheep fed on different diets 


Initial Count (15 min before 
feeding) (billions/mm*) 


Type of Ration Date of Sampling 


Time of Highest Count 


i st C illions 3 
Highest Count (billions/mm?) (hr after feeding) 


























Sheep no. | Sheep no. va Sheep no. | Sheep no. me Sheep no. | Sheep no. at 
189 262 Avg 189 | 62 Avg 189 6 Avg 
Fish meal 8/21/1955 20 23 21.5 54 56 55 7 7 7 
Cotton-seed cake 9/17/1955 24 21 22.5 51 36 43.5 2.75 1.75 2.25 
Dried beans 10/22/1955 r -{6 20 15 28 31 29.5 5 5 5 
Meat meal 12/6/1956 4 7 5.5 38 44 41 a 4 7 
Linseed oil meal 1/19/1956 6 14 10 23 25 24 2.75 1.75 2.25 
Casein 2/9/1956 19 20 19.5 19 21 20 2.75 1.75 2.25 
Berseem 4/16/1956 35 22 28.5 61 60 60.5 1.75 2.75 2.25 
Dried beans + starch.. 6/26/1956 23 23 v2 43 48 45.5 2.75 2.75 2.75 
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Figure 1. Diurnal changes in the total count of free ruminal bacteria of sheep no. 189 when fed on various concentrates. 
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method was applied because its reliability for compara- 
tive purposes has been confirmed by several workers 
(Williams and Moir, 1951). Furthermore, this method 
gives the count of the whole bacterial population in 
the sample whereas the plate count or the iodine 
staining method do not show the concentration of the 
entire population. 


RESULTS 

The curves shown in figure 1 illustrate the diurnal 
variations in the numbers of ruminal bacteria in one 
of the examined lambs (sheep no. 189) when it was fed 
on the different rations. Both lambs showed similar 
patterns in the diurnal changes of rumen bacteria as 
affected by the various tested diets. 

Although the bacterial count increased rapidly during 
the first 2 to 3 hr after feeding (except with the ration 
containing casein), the diurnal variation curves show 
marked differences with various diets. With regard to 
the shape of these curves, the various rations could be 
grouped as follows: fish meal and meat meal; berseem, 
cotton-seed cake and linseed oil meal; dried beans and 
beans plus starch; casein. Feeds in each group showed, 
more or less, a similar type of diurnal variation. 

The type of ration has great influence on the initial 
as well as on the highest counts of ruminal bacteria as 
shown in table 1. The total numbers of rumen bac- 
teria in sheep fed on different diets ranged from 4 to 
35 billions per mm* before feeding, whereas the highest 
counts attained varied from 19 to 61 billions per mm‘, 
Marked individual differences in both sheep are noticed 
in the initial and the highest bacterial counts. 

Both the initial and the highest bacterial counts were 
greater in case of berseem, fish meal, and cotton-seed 
‘ake rations than in meat meal, dried beans, linseed oil 
meal, and casein rations. When 70 g of starch were 
added to the bean ration, a great increase in bacterial 
count was noted. 

The highest bacterial count was attained at different 
hr after feeding with various diets. The highest bac- 
terial count was reached within 2 to 3 hr after feeding 
on berseem, beans plus starch, casein, cotton-seed cake, 
and linseed oil meal, and within 5 to 7 hr after feeding 
on beans, fish meal, and meat meal. 


DISCUSSION 

Previous studies on sheep have shown that changes 
in the diet are accompanied by changes in the total 
count and in the diurnal variations of the ruminal 
bacteria (Moir, 1951; Williams and Moir, 1951; Nottle, 
1956). The results presented in figure 1 and in table 1 
confirm some of the earlier findings and throw more 
light on the relationship between the diet and ruminal 
bacteria in sheep. 

Williams and Moir (1951) stated that, for most types 
of rations, the count of ruminal bacteria in sheep is 
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maintained at a high level from 3 to 10 hr after feeding, 
Bortree et al. (1946) reported that the number of ru- 
minal bacteria in dairy cattle increased rapidly within 
2 hr after feeding and these high counts were main- 
tained or increased for several hr before decreasing to 
their original range prior to feeding. The results ob- 
tained in this study show that, although this type of 
diurnal variation may occur with certain diets like 
beans, beans plus starch, fish meal, and meat meal, 
it does not occur with other types of rations. In case 
of berseem, cotton-seed cake, and linseed oil meal, 
the high counts of ruminal bacteria are not maintained 
for several hr, but decrease rapidly until they reach 
their initial range 7 hr after feeding. The count of 
rumen bacteria in sheep fed on casein drops rapidly 
after feeding, then increases until it reaches its original 
range. These findings are in agreement with Nottle’s 
(1956) work in which he showed two completely dif- 
ferent diurnal variation curves for casein and gluten. 

Differences should be expected in diurnal variations 
of rumen bacteria in sheep fed on different feeds. 
Assuming that all conditions, particularly volume of 
rumen contents, were similar in these experiments, then 
these differences may be attributed to chemical and 
physical properties of the feeding substances. These 
properties will affect the rate of availability of nutri- 
ents to the rumen bacteria and consequently influence 
the diurnal changes. If most of the nutrients are readily 
available, one should expect a rapid increase of bac- 
terial count which is followed by rapid decrease. How- 
ever, if only a part of the nutrients is readily available 
whereas the remaining part becomes available later on 
due to chemical decomposition, to changes in physical 
properties, or to symbiotic action of different bacteria 
in rumen, then the early rapid increase in bacterial 
count may be maintained at a high level for several 
hr after feeding. 

It is interesting to note that diurnal changes were 
more or less the same in case of concentrates of animal 
origin; that is, the fish meal and meat meal. Although 
casein belongs to the same category, it differs in its 
solubility which affects bacterial activity as will be 
discussed later. As occurs with concentrates of plant 
origin, the diurnal variations were different from those 
of animal source. 

The highest count of rumen bacteria differed greatly 
when the sheep were fed on various diets. These dif- 
ferences may be due to one or more of the following 
factors: the amount of ammonia formed in the rumen, 
the degree of cellulose digestion, the availability of 
growth factors, and the relationship between different 
types of bacteria in the rumen. 

Moir (1951) suggested that the source and the availa- 
bility of nitrogen are likely to affect the rumen popula- 
tion. Later, it was shown that ammonia formation in 
the rumen is influenced by the type of protein as well as 
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by the treatments it receives during its preparation 
(Chalmers et al., 1954; Chalmers and Synge, 1954; 
Annison ef al., 1954). Chalmers et al. (1954) and Chal- 
mers and Synge (1954) suggested that diets which give 
rise to high ammonia concentration in the rumen will 
not allow good development of ruminal flora and conse- 
quently the biological value of the diets will be reduced. 
Results presented in table 1 show that this suggestion 
holds for certain diets only, because El-Shazly (1958) 
has shown that the highest concentration of ammonia 
in the rumen was obtained with casein followed by 
beans, linseed meal, cotton-seed cake, fish meal, beans 
plus starch, berseem, and meat meal, respectively. 

It has been reported that supplementing the ration 
with a limited quantity of starch or starchy material 
results in better development of ruminal bacteria 
(Owen, 1947; Mills et al., 1942) and in reducing the time 
required for ruminal bacteria to reach its highest count 
(Bortree et al., 1948). As shown in table 1, adding 
starch to beans increased the highest count of ruminal 
bacteria from 29.5 to 45.5 billions per mm* and reduced 
the time required for that by about 50 per cent. The 
effect of starch may be due to its influence on ammonia 
formation in the rumen because Annison et al. (1954) 
and El-Shazly (1958) have shown that the addition of 
starch to protein-rich diets has decreased the ammonia 
formation in the rumen of sheep. 

It has also been suggested that the influence of dif- 
ferent rations on rumen flora may be due to their effect 
on cellulose digestion. Digestion of cellulose in the 
rumen may be influenced by the presence, in the diet, 
of certain nutrients which are required by cellulose- 
splitting bacteria (Burroughs et al., 1950) or by the 
presence of readily available carbohydrates (Arias et al., 
1951). Such factors do not seem to operate in this study 
because Abou Akkada and El-Shazly (1958) have 
shown that cellulose digestion was not significantly 
influenced by the various concentrates used in this 
work. 

Moreover, the availability of certain growth factors 
in the different feeds may be of great significance as 


Williams and Moir (1951) proved that the presence of 


methionine resulted in a great increase in the numbers 
of the rumen bacteria. 

Furthermore, the influence of different feeds on ru- 
men bacteria may be due to their effect on the inter- 
action between the various types of microorganisms 
present in the rumen. The metabolic products of certain 
types of microorganisms may enhance or retard the 
growth of other types. Consequently, this will affect 
the diurnal variations and the highest count of ruminal 
bacteria. It was suggested that certain volatile fatty 
acids are one of the factors which stimulate the rate 
of cellulose digestion by ruminal microorganisms (Bry- 
ant and Doetsch, 1955; Edwards, 1955). 


It is clear from the current discussion that no simple 


explanation can be given for results obtained by study- 
ing the effect of different diets on ruminal bacteria since 
many factors are involved. 

However, because ruminant bacteria serve as a 
source of nutrients to the host animal and due to their 
high nutritive value (McNaught et al., 1954), the deter- 
mination of the diurnal changes in ruminal bacteria 
may serve as a good index of the nutritive value of 
different diets. El-Shazly (1958) has shown that only 
berseem, cotton-seed cake, and linseed meal gave posi- 
tive nitrogen balance in his studies on the nutritive 
values of different concentrates. It has been pointed 
out earlier that these three concentrates gave a similar 
type of curve for the diurnal changes in ruminal bae- 
teria. The characteristic feature of these curves are 
rapid increase until the highest count is reached within 
2 to 3 hr after feeding, followed by a rapid decrease. 
Consequently, it seems that the type of diurnal varia- 
tions rather than the total count of ruminal bacteria at 
any given time may be used as an index of the nutritive 
value of different feed-stuffs. 
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SUMMARY 


The effect of eight different concentrates on the diur- 
nal changes in ruminal bacteria of Rahmani sheep was 
studied. Several types of curves were obtained; namely, 
rapid increase followed by rapid decrease in the numbers 
of bacteria as in berseem, cotton-seed cake, and linseed 
oil meal; rapid increase for 2 to 3 hr, with high count 
maintenance for several hr as in beans and beans plus 
starch; rapid increase followed by marked decrease and 
another rapid increase as in fish meal and meat meal; 
peculiar curve for casein in which marked decrease is 
followed by an increase to bring the numbers of bac- 
teria to its original value and then gradual decrease 
again. 

The highest bacterial count was attained with ber- 
seem followed by fish meal, beans plus starch, cotton- 
seed cake, meat meal, beans, linseed cake, and casein, 
respectively. 

The various factors that may be responsible for the 
differences in diurnal changes and the highest count of 
ruminal bacteria were discussed. It was shown that the 
diurnal variations may be used as an index of the nutri- 
tive value of different feeds. 
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Although investigations have dealt with softening of 
brined cucumbers since 1899 (Aderhold), the studies 
have been primarily concerned with proving the bac- 
terial theory of spoilage. Much effort has been directed 
toward implicating the aerobic bacilli as the responsible 
agents (Kossowiez, 1908; LeFevre, 1919; Fabian and 
Johnson, 1938; Faville and Fabian, 1949; Demain and 
Fabian, 1950, Unpublished Experiments; and Vaughn 
et al., 1954). 

The nature of the acid fermentation of cucumbers 
presents three important obstacles to serious considera- 
tion of the much-studied aerobic bacillus theory of 
softening spoilage: (1) the salt content of the fermenting 
brines; (2) the acidic condition of the brine and accom- 
panying drop in pH resulting from early and rapid 
development of the lactic acid bacteria; and (3) the 
low oxygen tension of the brine attested to by excellent 
growth of the microaerophilic, lactic acid bacteria. 
Suc’. conditions would indeed be highly restrictive if 
not wholly inhibitive for growth by aerobic, sporeform- 
ing bacteria of the genus Bacillus. Thus it is not sur- 
prising that populations for these organisms have not 
been demonstrated in cucumber fermentations brined 
under conditions typical of the industry. 

Karly brining studies (Unpublished) by Etchells and 
Jones (1940), conducted with replicated 45-gallon bar- 
rel lots at a commercial pickle plant in eastern North 
Carolina, confirmed the above conclusion that cucumber 
fermentations offer a rather unfavorable environment 
for development of aerobic bacilli. Heavy inocula of 
washed cells of young cultures of Bacillus mesentericus 
fuscus (Bacillus subtilis) failed to develop when added 
to cucumber fermentations at the outset, and the cured 
brine-stock showed no loss of firmness over uninoculated 
controls. Furthermore, in other experiments, broth fil- 
trates from the above organism, when added to cucum- 
ber fermentations at the start, did not cause softening 

‘Published with the approval of the Director of Research, 


North Carolina Agricultural Experiment Station, as paper no. 
910 of the Journal Series. 

* Present address: St. Vincent’s Hospital, New York, New 
York. 

’ Present address: Merck Sharp & Dohme Research Labora- 
tories, Rahway, New Jersey. 

‘One of the laboratories of the Southern Utilization Re- 
search and Development Division, Agricultural Research Serv- 
ice, U.S. Department of Agriculture. 


of the brined material.’ This work, which employed a 
transfer of the same organism used by Fabian and’ 
Johnson (1938), was an attempt to extend to actual 
brining conditions the earlier experiments of these 
workers who concluded, on the basis of laboratory tests, 
that the aerobe, B. mesentericus fuscus, was chiefly 
responsible for the softening of brined cucumbers. 

The various studies on the aerobic bacilli in relation 
to softening spoilage, beginning with Fabian and John- 
son (1938), did much to reveal the nature of the pec- 
tinolytic enzymes elaborated by these organisms, par- 
ticularly as to pH optima (above 7) but, in so doing, 
‘ast serious doubt as to their actual importance as the 
‘ausative agents. For example, Fabian and Johnson 
found it necessary to “freshen” or desalt brine-cured 
cucumbers—thus removing both the salt and brine 
acid—before softening could be obtained with a filtrate 
from the growth of B. mesentericus fuscus. This, in effect, 
demonstrated that they were working, and probably 
the first to do so in the genus Bacillus, with a pectino- 
lytic enzyme system with a high pH optimum (above 7) 
which would be inoperative at the pH range of regular 
brine-stock (4 and below). 

Later Nortje and Vaughn (1953) established that the 
pectinolytic enzymes of B. subtilis (B. mesentericus 


fuscus) and B. pumilis had pH optima of 8.5 and 9.4, 


respectively. They also demonstrated the instability 
of the B. subtilis enzyme, 96 per cent was destroyed in 
3 days at pH 4.5. These important findings would 
certainly further minimize the role of aerobic bacilli in 
softening spoilage. Observations based on numerous 
commercial cucumber fermentations in several im- 
portant production areas of the United States have 
demonstrated that a rather precipitous drop in brine 
pH can be expected within a relatively short period 
after the vats are filled; for example, in the general 
range of pH 6.0 to 5.5 in 24 hr; 4.7 to 4.0 in 48 hr; and 


5 Later, broth filtrates of this same culture were shown by 
Bell (1950, Unpublished Data) to possess a pectinolytic enzyme 
system with a pH optimum of 8.2; further, the enzyme was 
inactive below pH 7.0. These findings may explain the failure 
to obtain softening of the brined material in the aforemen- 
tioned experiments. In this instance, the brine pH’s of the 
fermentations were much below the activity range for a pec- 
tinolytic enzyme system such as that observed by Bell for 
Bacillus mesentericus fuscus. 
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below 4.0 in 3 to 4 days (Jones, 1940; Jones and Etch- 
ells, 1943; Etchells et al., 1952; and Danielson, 1956, 
personal communication). 

In 1950, Bell et al. concluded that the softening of 74 
samples of commercially brined cucumbers from 19 
brining stations located in nine states was the result of 
pectinolytic enzyme activity with a pH optimum of 4.0. 
Further, enzyme activity was found present in brines 
with a pH range of 3.2 to 3.9, salt content from 10 to 
21 per cent (by weight) and brine acidity of 0.2 to 1.2 
per cent expressed as lactic acid. Also, the brine enzyme 
was similar in behavior to purified polygalacturonase 
of fungal origin; the latter enzyme was able to soften 
firm, cured, cucumber brine-stock. 

However, Vaughn et al. (1954) were of the opinion 
that aerobic, sporeforming bacilli, with their high pH 
optima pectinolytic enzyme systems (pH 8.5 to 9.4), 
might be responsible for enzymatic softening of com- 
mercially brined cucumbers, provided certain unusual 
conditions prevailed, that is, brine pH of 5.5 or above 
for several days and a predominant growth of aerobic 
bacilli to the near exclusion of the normal lactic acid 
bacteria. Such conditions in our experience would 
rarely exist. On the other hand, we observed serious 
outbreaks of softening spoilage in the southeastern 
states during 1947 and 1948, and in the North in 1955, 
in which as many as 150 vats of brine-stock softened 
despite early, vigorous lactic acid fermentations. Such 
occurrences call for a more satisfactory explanation; 
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namely, that the softening enzyme systems in cucumber 
brines are chiefly of fungal origin as was first suggested 
by the work of Bell et al. (1950). 


MATERIALS AND METHODS 
Introductory Studies 


During the 1951 growing season, work was started to 
determine the numbers and species of yeasts associated 
with different parts of the growing cucumber plant 
(Cucumis sativus L.). In the course of these studies it 
was readily apparent that a considerable flora of fila- 
mentous fungi was present on the various samples 
examined, particularly the flowers collected in the fields 
and those removed from immature cucumber fruit at 
the brining station (see table 1). 

It was further noticed that, as the season progressed, 
fungus populations from material sampled from the 
same fields appeared to greatly increase (50 to 100 
times). In fact, these populations were so high and 
growth was so luxuriant for the June 26th flower 
samples from four fields in Pitt County that yeast 
counts and isolations could only be made with consider- 
able difficulty. More specifically, over one-half of the 
34 samples collected on June 26th and July 2nd and 
plated or streaked on glucose agar could not be used for 
counting yeast populations or isolation of these organ- 
isms because of excessive fungal growth. 

These first results provoked considerable discussion 
and conjecture as to the possible relationship of the 
fungal growth associated with flowers, particularly 


TABLE 1 


Origin, weight, and fungus populations of samples of cucumber material collected from ten fields and two brining stations located in two 
counties in eastern North Carolina—1951 Introductory Studies 





: =. * No. of Flowers, Avg Wt Fungus Colony Count per gt 
Source Type of Material Sampled a = Ovaries, a Fruit a ee eee " apes ee 
per Sample Per sample Per unit Avg Range 
—s : “ g i g a X108 «108 
Fields Flowers 
Staminatet 18 25 3.36 0.134 19.9 1-170 
Pistillatet 18 25 3.41 0.136 23.9 1-220 
Pistillate, unopened 25 2.10 0.084 4.0 : 
Ovaries 18 25 12.72 0.509 1.9 0.2-9.0 
Fruit§ 1 18 137.0 7.6 3.0 
Grading stations Flowers* 2 20 0.45 0.023 > 1000.0 
Fruit§ 18 153.5 8.4 2.4 0.4-4.0 


* From four fields in Pitt County and six fields in Sampson County; two grading stations located in Pitt County, at Ayden and 
Bells Cross Roads. Four samplings made during the season, June 8 and 26 (Pitt County); June 14 and July 2 (Sampson County). 
Packer variety cucumber grown in Pitt County fields; Model variety grown in four of six Sampson County fields, York State in 
one and mixed varieties in one. 

+ Flower samples disintegrated in a Waring Blendor using 100 ml capacity stainless steel chamber; fruit and ovary samples, 
together with an equal weight of saline in 1 L and 25 ml flasks, respectively, shaken by hand (100X). Dilutions of blended flower 
samples and washings from fruit and ovary samples plated on dextrose agar and streaked with standard loop (0.01 g capacity) oD 
poured plates of nitrogen base agar (see medium B, 1952 studies). Fungi counts represent average, seasonal values for all samples 
for both plating and streaking techniques. 

t Freshly opened, collected in the morning. 

§ Small, immature fruit, no. 1 size, approximately °% in. diameter. 

© Retained, partially dried flowers removed from no. 1 size machine-graded fruit. 
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those removed from fruit which normally would enter 
the brining vats, and enzymatic softening of commer- 
cially brined cucumbers. It seemed entirely possible 
that such growth and accompanying hydrolytic en- 
zymes could be responsible for the pectinolytic activity 
first reported by Bell (1951) in staminate and pistillate 
flowers of two varieties of pickling cucumbers. In view 
of the rather serious limitations discussed earlier, con- 
nected with the aerobic bacillus theory of softening of 
brined cucumbers, the fungus-enzyme theory seemed 
both refreshingly different and plausible. 

In this new approach to the origin of softening en- 
zymes in brines, the responsible enzyme system con- 
cerned (chiefly pectinolytic) would be predeveloped, 
mostly as the result of fungal growth, and introduced 
per se into the brining vats, principally by flowers at- 
tached to immature cucumber fruit and to a lesser ex- 
tent by the fruit itself. Such introduced enzyme would 
of necessity be required to have properties capable of 
softening activity under rather rigid conditions as to 
acidity, pH, and salt content offered by commercial 
curing brines. Pectinolytic enzymes attributed to fungal 
source meet these important requirements (Bell e¢ al., 
1950); however, those of bacterial origin, such as pro- 
duced by the aerobic sporeformers and the soft-rot 
bacteria that have been studied, apparently do not 
have these properties (Fernando, 1937; Oxford, 1944; 
Nortje and Vaughn, 1953; Kraght and Starr, 1953; 
Wood, 1955; and Demain and Phaff, 1957). 

With the above points in mind, studies were designed 
and completed during the past few years to test the 
fungus-enzyme theory. These have dealt with microbio- 
logical, enzymological, and physical aspects of the 
softening problem, including: (1) microbiological flora 
(filamentous fungi, yeasts, and bacteria) of the growing 
cucumber plant with special reference to populations, 
taxonomy, and enzyme activity of the predominating 
fungal species; (2) observations under commercial con- 
ditions to determine the degree of retention of flowers 
on cucumber fruit throughout the harvest season, the 
enzyme activity of such flowers, and their ability to 
soften cucumbers in brining tests; (3) the use of certain 
control measures, such as the draining technique or the 
use of natural enzyme inhibitors, to significantly reduce 
softening enzyme activity in commercial brines; and (4) 
softening enzyme activity of cucumber flowers from 
northern and southern production areas of the United 
States. 

Certain phases of the above investigation, namely 
those concerned with items 1, 3, and 4, have recently 
been reported (Etchells et al., 1958; Bell and Etchells, 
1958; and Bell et al., 1958; Raymond, Etchells, Bell, 
and Masley, Unpublished Observations). 

The present paper represents a detailed report on: 
population estimates of filamentous fungi occurring on 
flowers, ovaries, and fruit of the cucumber plant (Cu- 


cumis sativus L.); pectinolytic enzyme activity of such 
cucumber material; and pectinolytic and cellulolytic 
enzyme activity of certain of thé fungus species iso- 
lated during the study. A summary of part of the work 
has appeared earlier (Etchells e¢ al., 1955). 


Experimental Procedure 


Collection of samples. During the 7-week period from 
June 5 to July 17, 1952, samples of cucumber flowers, 
ovaries, and immature fruit (figure 1) were collected 
at weekly intervals from five commercial fields, a 
brining station, and a greenhouse, all of which were 
located in eastern North Carolina. Information as to 
source of samples, type of material collected at each 
source, together with additional details as to sample 
size and total number of samples obtained, is given in 
table 2. All samples were collected using aseptic pre- 
‘autions, placed in sterilized paper bags by use of 
sterile forceps, labeled, refrigerated over night, and 
prepared for microbiological examination the follow- 
ing morning. Fruit samples and samples of retained 
flowers removed from this fruit collected at the brin- 
ing station represented material typical of stock being 
sent from five receiving and grading stations operated 
by the cooperating company. A corresponding station 
was located in the vicinity of each of the five com- 
mercial fields that were sampled. The retained flower 
samples were pooled for each sampling interval because 
individual samples (20 flowers) from fruit from each 
receiving station weighed 0.40 g or less. 

Preparation of samples. Individual flower samples 
from the fields and greenhouse (25 flowers each), after 
weighing, were placed in a sterilized, 50-ml capacity 
stainless steel Omni-mixer®:* blending chamber, to- 
gether with sufficient saline (0.85 per cent) to make a 
final dilution of 1:10. The mixture was then blended 
for 1 min at 14,000 rpm. Samples of partially dried 
flowers removed from no. | size fruit at the brining 
station were handled in essentially the same manner; 
however, because these samples (45 to 100 flowers) 
weighed considerably less than the fresh samples, a 
final dilution of 1:50 was found to be more desirable 
and convenient to handle in the 50 ml blending cham- 
ber. The weighed ovary samples (25 ovaries each) were 
transferred to 125-ml Erlenmeyer flasks and an equal 
weight of saline added. The flasks were placed on a 
rotary shaker*® for 10 min at 210 oscillations per min, 


6 Basic power unit and stainless steel chambers with rotary 
knife blade sections were manufactured by Ivan Sorvall, Ince., 
Norwalk, Connecticut. 

7 It is not the policy of the U.S. Department of Agriculture 
or the North Carolina Agricultural Experiment Station to 
recommend the products of one company over similar products 
of any other company. The name supplied herewith is furnished 
for your convenience and information. 

8 Model V, capacity 40 flasks, manufactured by the New 
Brunswick Scientific Company, New Brunswick, New Jersey. 
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Figure 1. Left: Freshly opened pistillate flower typical of 
samples collected from the growing cucumber plant (Cucumis 
sativus L.) in commercial fields and in the greenhouse. For the 
purpose of this study, the pistillate flower, upon removal from 
the vine, was separated into two parts—the ‘“‘flower’’ part and 
the “‘ovary”’ part. 

Right: Partially dried flower retained on a small-sized (no. 
1) immature cucumber fruit; this retained flower is typical of 
samples removed from | to 114 in. diameter fruit at the brining 
station. The cucumber shown, after deflowering, is likewise 
representative of the fruit samples collected from fields and the 
brining station. About 34 actual size. 
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The fruit samples (20 fruit each), together with an 
equal weight of saline in 1-L flasks, were shaken by 
hand (100 times). 

Cultural and isolation procedure. Decimal dilutions of 
the blended flower samples and washings from the 
ovary and fruit samples were streaked on the surface 
of previously poured plates of three media by use of a 
calibrated platinum loop (0.01 g capacity). The media 
used were: (A) Littman’s (1947) oxgall agar® with 
streptomycin (30 yg per ml) designed for primary 
separation and isolation of fungi from other micro- 
organisms; (B) nitrogen base agar prepared from Wick- 
erham’s (1951) yeast nitrogen base® broth as described 
by Etchells e¢ al. (1953) and acidified with 3 ml of 5 
per cent tartaric acid per 100 ml of melted medium to 
inhibit bacteria, yet permit good growth of yeasts and 
adequate but restricted colonial development of higher 
fungi (Etchells e¢ al., 1954); and, (C) Conn’s glycerol 
asparaginate agar (1921) used for cultivation of soil 
bacteria. 

The streaked plates were usually incubated 4 days 
at 28 C and counted. At each plating interval, plates 
from the high dilutions of two media (A and B) 
were set aside for picking representative colonies of 
higher fungi directly to slants of potato dextrose agar. 
This resulted in a collection of 1032 fungus isolates 
for taxonomic study, which will be the subject of a 
separate report (Raymond e¢ al., Unpublished Observa- 
tions) as will be the case for population studies of 
yeasts and bacteria. In addition to the taxonomic 
study, the proportion of each predominating fungus 
species present among the isolates was assigned to the 


® Obtained from Difeo Laboratories, Detroit, Michigan. 


TABLE 2 


Origin and weight of samples of cucumber flowers, ovaries, and immature fruit collected from five commercial fields, a brining station, 


and a greenhouse located in North Carolina*—1952 season 





Type of Material No. of Places 


Source Sampled Sampled During Seasont 
I, Fields Flowerst 5 7 
Ovaries 5 7 
Fruit§ 5 5 
II, Brining station Flowers® 1 5 
Fruit§ 5 5 
III, Greenhouse Flowers{ 1 4 
Ovaries 1 4 


No. of Samplings 


Avg Wt 
No. of Flowers, 
Ovaries, or Fruit per 


No. of Samples of 
Each Type 





Per unit (i.e., 


Collected Sample Per sample flower, ovary or 

fruit) 

35 25 3.51 0.140 

35 25 12.00 0.480 
25 20 265.4 13.3 

5 45-100 0.5-2.0 0.017 
23 20 313.8 15.7 

4 25 4.15 0.166 

4 25 9.68 0.387 


* The five fields (1 to 114 acres each of Packer variety) were located in eastern North Carolina in Pitt County and in the bor- 
dering counties of Craven and Lenoir. All fields were within a 20-mile radius of the brining station located at Ayden. The green- 
house was located at North Carolina State College, Raleigh; Model variety was grown in the greenhouse. 

+ Seven samplings from each of the five fields were made at intervals of 1 week as follows: June 5, 12, 19, 26, July 3, 10, and 17. 
No fruit available at the fields on June 5 and July 17. No material available at the brining station on June 5 and July 17. No green- 


house samples were available until June 26. 


t For this study the freshly opened, pistillate flower was used (see figure 1). 
§ Immature fruit, no. 1 size, approximately 1 to 14 in. diameter (see figure 1). 
€ Retained, partially dried flowers removed from no. 1 size fruit (see figure 1). 
These samples consisted of fruit being sent to the brining station usually from five receiving and grading stations. 
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total colonies on the plate in order to obtain an esti- 
mate of their numbers in the samples collected through- 
out the season. 

Pectinolytic activity measurements of samples. Certain 
dilutions of the blended flowers samples (1:100) and 
those of the washings from the ovary (1:10) and fruit 
samples (1:1), prepared for microbiological examina- 
tion, were analyzed for pectinolytic activity by the 
method of Bell et al. (1950). In this procedure, the 
ability of a sample to decrease the viscosity of a 2.5 
per cent pectin solution buffered with citrate at pH 
4.0 and at 30 C is measured (100 units equals 50 per 
cent viscosity loss in 6 days). 

Pectinolytic activity of fungi. Initially, a large num- 
ber of isolates were rapidly screened by the technique 
of Bell and Etchells (1956). By this method, their 
ability to cause such biochemical changes of pectin 
during growth that would result in loss of gel properties 
is determined. 

A total of 274 isolates, representing species of fungi 
in 34 genera and 10 unidentified groups, was screened ; 
five cultural media,'® containing 0.5 per cent pectin, 
were used for each culture tested. The reactions re- 
ported for the rapid screening technique in most cases 
are based on the combined observations from tests 
made using the five media; however, medium IVA, 
mineral salts plus pectin, was considered to give the 
most satisfactory results wherein positive or negative 
results were readily verified by pectinolytic enzyme 
activity measurements on the culture filtrates. 

It is realized that with the rapid screening technique, 
the lack of pectinesterase production by an isolate may 
limit or prevent glycosidic hydrolysis by polygalac- 
turonase. For this reason, pectinolytic activity of 
many of the isolates was further checked by the visco- 
metric method of Bell et al. (1955). Here, the ability 
of the culture filtrate to reduce the viscosity of a 1.0 
per cent sodium polypectate solution buffered with 
citrate at pH 5.0 and at 30 C is studied (100 units equal 
50 per cent reduction in viscosity in 20 hr). The repre- 
sentative fungus cultures tested were usually grown 
for 2 weeks at 28 to 30°C in the mineral salts liquid 
medium of White and Downing (1951), supplemented 
with 0.5 per cent pectin. 

Cellulolytic (C,) activity of fungi. Assay of filtrates 
from cultures grown as described in the previous para- 
graph was carred out by the method of Bell e¢ al. (1955). 


0 T, Pectin broth: peptone, 0.5 per cent; NaCl, 0.5 per cent; 
yeast extract, 0.25 per cent; glucose, 1 per cent; and pectin, 
0.5 per cent; final pH 4.5. II, Nitrogen base broth (Wickerham, 
1951): dehydrated N-base, 0.67 per cent; glucose, 1 per cent; 
and pectin, 0.5 per cent; final pH 3.8. III, Potato broth: potato 
broth, 20 per cent (200 g potatoes boiled 30 min in 800 ml water 
and the filtrate made up to 1 L); glucose, 1 per cent; and pectin, 
0.5 per cent; final pH 4.3. IV, Mineral salts broth (White and 
Downing, 1951) plus glucose, 1 per cent, and 0.5 per cent pectin; 


pH 4.5, adjusted to 6.4. IVA, same as medium IV but without 
glucose. 


Using this procedure, 100 cellulolytic (C,) units equal 
50 per cent loss in viscosity in 20 hr of a 1.0 per cent 
sodium carboxymethylcellulose solution, buffered with 
citrate at pH 5.0 and at 30C. 

Other cellulolytic tests for fungi. The representative 
fungus cultures were examined for their ability to 
grow in a mineral salts broth with filter paper as the 
sole carbon source; also, certain of those shown to be 
positive were further tested for their cellulolytic ac- 
tivity by determining their power to destroy the tensile 
strength of cotton fabric. In the filter paper test, What- 
man no. 4 paper was cut in 0.5 by 5 in. strips and placed 
one each as inverted U’s in 34 by 6 in. size test tubes, 
together with sufficient mineral salts broth (White 
and Downing, 1951) so that each strip was two-thirds 
submerged. The strips were inoculated from cultures 
growing on slants of potato dextrose agar by point 
inoculation with spores, or a bit of mycelium on both 
sides of the bend of the strip which extended above the 
liquid. Incubation was at 28 to 30 C at high humidity 
(90 per cent RH). 

The procedure used for determining the ability of 
certain of the fungi to attack and reduce the tensile 
strength of cotton fabric in pure culture was essen- 
tially that described by White and Downing (1951). 
The exceptions were: (1) the use of 1 by 10 in. strips of 
80 sq cotton print cloth (33 lb break-test after auto- 
claving) suspended as loops in 1 by 8 in. size test tubes 
containing 25 ml of mineral salts broth; and (2) the 
use of 7%, in. width, special cotton label tape (50 Ib 
break-test after autoclaving) suspended in the 1 by 
8 in. size tubes with 25 ml of medium. The Instron 
Tester! was used for determining the tensile strength 
of all samples, including autoclaved, uninoculated con- 
trols. 

11 Model TT-B, manufactured by the Instron Engineering 
Corporation, Canton, Massachusetts. 
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Figure 2. Population trends for fungi on cucumber flowers 
collected from fields throughout the season. 
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RESULTS 

Remarks on cultural procedure. The streaking tech- 
nique, with the selective media used, proved most 
satisfactory for estimating fungal populations of the 
various samples of cucumber material examined. In 
most cases, the colonies were well distributed over the 
surface of the plates and isolations for taxonomic pur- 
poses could readily be made without concern for con- 
tamination problems usually associated with picking 
subsurface colonies from samples plated on selective 
media. Two media, Littman’s oxgall agar and acidi- 
fied, nitrogen base agar, were used throughout the 
study. Both were generally considered adequate; how- 
ever, there were some differences worthy of mention. 

Population trends obtained with oxgall and nitrogen 
base agars were considered comparable, although 
slightly higher total numbers were usually obtained 
with the former medium (see figure 2). The oxgall agar 
plates required that strict attention be paid to count- 
ing and picking colonies within a 4-day incubation 
time; a longer period usually resulted in such luxuriant 
fungal growth as to preclude both counting and pick- 
ing individual colonies. In contrast, the fungi developed 
more slowly on the nitrogen base agar, and the plates 
could be readily counted up to 10 days’ incubation. 
The colonies, after this length of time, showed adequate 
growth (average, 1 to 1.5 em in diameter), but were 
effectively restricted from spreading. This property of 
the medium permitted refrigeration of the plates until 
the conclusion of the study, and then the colonies were 
picked. 

Some difficulty was encountered with streptomycin- 
resistant bacteria in the form of wet, spreading colonies 
growing on the oxgall agar plates. This was particu- 
larly noticeable with certain cucumber fruit samples 
collected from the brining station at the sixth sampling 
interval. In this instance, although fungus counts could 
be made for the five samples, bacterial contamination 
was such that fungus isolations could only be made 
from one sample. Restreaking of these samples with 
increased amounts of streptomycin (up to 100 ug per 
ml) did not control the contamination. Nitrogen base 
agar presented no bacterial problems; the pH of the 
medium (about 3.5) was sufficiently low to effectively 
control these organisms. 

The foregoing discussion of the two media has con- 
sidered certain cultural aspects connected with their 
use in enumeration and isolation of the fungi; any 
significant taxonomic differences between the isolates 
obtained from these media will appear in another re- 
port (Raymond et al., 1958). 


Fungus Population Studies 


Flowers (see table 3). During the 7-week sampling 
period, fungus populations for freshly opened field 
flowers increased markedly, from 2500 per g to over 





[VOL. 6 


300,000 (see figure 2); essentially the same trend is 
obtained when calculated on a per flower basis (that is, 
500 to 39,000). The average field flower weighed 0.140 g 
with a range of 0.090 to 0.181 g; the rather low values 
obtained from samples collected on June 26th and 
July 3rd were attributed chiefly to prevailing dry, hot 
weather.” 

Fungus populations for partially dried flowers, re- 
moved from no. 1 size fruit at the brining station, were 
extremely high and reached 350 million per g toward 


22 The same explanation is offered for the noticeably lower 
counts obtained for all field and station samples collected on 
July 3rd; this sampling date coincided with approximate peak 
of the dry, hot weather conditions in the general area. 


TABLE 3 
Estimated populations of fungi from samples of flowers, ovaries, 
and fruit of cucumbers collected from different sources 
during the growing season 


Samplings Avg Unit Wt and Fungus Colony Count for 
During — ae 
tiene Flowers Ovaries Fruit 


Source 


Unit |Count per 
wt 4 


Count | Unit 
perg| wt 


Week| Date Unit wt 


Count 
per g 


g «108 g x 108 g |X/108 
I, Fields 


1 6/5* | 0.181 2.5 | 0.504, 1.3) — | — 
2 | 6/12 . 162 6.5 .523} 2.6) 14.8) 5.3 
3 | 6/19 .168 = 23.0 .590; 4.0) 10.7) 5.6 
4 | 6/26 .107; 110.0 .502| 14.3} 12.7|18.7 
5 | 7/3 .090, 82.0 .375) 9.6] 12.8)11.2 
6 | 7/10 | 


152} 325.0} .493) 64.4) 15.5'23.2 
7/47 | .321| S800) .872) 38:7] — | — 
Seasonal avg.. | 0.140 124.1 | 0.480) 19.0) 13.3)12.8 


II, Brining 


station 
1 | 6/5*| — , —|— 
2 | 6/12 | 0.020, 13,000 19.6) 5.9 
3 | 6/19 | .020) 95,000 19.2) 4.9 
4 | 6/26 .017| 150,000 16.4, 6.3 
5 | 7/3 .017| 20,000 11.4) 4.5 
6 | 7/10) .011) 350,000 12.6 8.8 


7/\7*| - -|— 


Seasonal avg.......| 0.017) 125,600 15.8 6.1 


III, Green- 


house 
4 | 6/26 | 0.152) 6.0 | 0.384) 3.3 
5 | 7/3 .184, 1.0 404, 0.6 
6 | 7/10 .164, 2.0 .344| 0.5 


7 | 7/17| .164| 13.5 | .416 


Seasonal avg....... 


0.166, 5.6 | 0.387) 2.0 


* Minus sign in columns opposite this date means no ma 
terial was available for sampling; also, no ovary samples were 
collected at the brining station and no fruit samples were 
available from the greenhouse. 

Note: Fungus colony counts shown were obtained with 
oxgall agar. 
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the latter part of the season. The average station flower 
weighed 0.017 g (with a range from 0.011 to 0.020 g); 
this was about one-eighth the weight of an individual 
field flower. In view of the apparent weight difference, 
it is of interest to point out that the average station 
flower contained about 80 times the fungus population 
as compared to a field flower. This would indicate con- 
tinued development of fungi in the flower during the 
time required for a fertilized ovary to grow to a no. 1 
size fruit. 

The low fungus count for greenhouse flowers is at- 
tributed mainly to the fact that flying insects were, for 
the most part, controlled. This was done by use of 
cheesecloth to cover the ventilator openings. Also, the 
greenhouse offered less opportunity for air-borne con- 
tamination as compared to open fields. The flower 
weights from this source were rather uniform during 
the period sampled (range of 0.152 to 0.184 g; average, 
0.166). 

Ovaries (see table 3). The ovaries from fields ex- 
hibited a similar upward trend for fungus populations 
during the season as was observed for field flowers, but 
the colony counts were of a much lower magnitude 
(about one-tenth). The average ovary weight was 0.480 
g with a range from 0.372 to 0.590 g; the noticeable 
changes in weight at given sampling intervals corre- 
spond to those recorded for field flowers. 

The fungus counts for ovary samples collected from 
the greenhouse were very low (average 2000 per g; 
880 per ovary) and revealed no evidence of increased 
populations during the sampling period; the possible 
explanation for this finding has been discussed in con- 
nection with flowers from this source. Ovary weights 
from the greenhouse were fairly constant (0.344 to 
0.416 g) and the average unit weight for the season 
was 0.387 g. 

Fruit (see table 3). Fruit samples obtained from the 
fields demonstrated a moderate but definite increase in 
fungal counts during the season. However, fruit col- 
lected at the brining station remained rather constant 
with respect to population differences, and the seasonal 
average (6100 per g) was less than one-half that found 
for field fruit (12,800 per g). 

One might expect the reverse of this situation to be 
found, considering the time required for field fruit to 
reach the brining station (about 6 to 8 hr) and the 
number of operations involved, that is, picking, bag- 
ging or boxing, transportation to the receiving station, 
sizing in a shaker-grader, and transportation to the 
brining station. These operations also help to rid the 
fruit of adhering soil which, in the present study, may 
account in part for the lower fungus counts from sta- 
tion fruit as compared to field fruit. Also, the dry 
weather may have been a factor in keeping spore 
germination to a minimum on fruit being sent to the 
brining station. 


If calculated on an individual fruit basis, the fungus 
counts (presumably resulting mainly from spores on 
the fruit surface), shown in table 3, would be about 11 
to 20 times higher, depending upon the average fruit 
weight for a given interval. The variability of fruit 
weights shown are to be expected for material collected 
in the approximate size range of 1 to 11 in. diameter. 


Pectinolytic Activity of Samples 

Summarized results, based on seasonal averages, for 
softening enzyme activity of the various samples of 
cucumber material, together with seasonal fungus 
counts, are presented in figure 3. Additional informa- 
tion pertinent to the study of enzyme activity of 
samples collected from different sources during the 
season follows. 

Flowers collected from fields, or from the brining 
station, were extremely high in pectinolytic activity; 
this was particularly the case for samplings subsequent 
to June 19th. Further, flowers from four of the five 
individual fields were generally comparable as to the 
amount of enzyme activity found throughout the 
season; samples from one field were consistently lower 
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Figure 3, Seasonal fungus counts (upper part) and pec- 
tinolytic enzyme activity (lower part) of samples of cucumber 
material collected from three sources during the season. 
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in activity than the others. Sample area comparisons 
for station flowers cannot be made because enzyme 
activity was determined on a pooled sample for each 
collection date. 

Pectinolytic activity of ovaries and fruit collected 
from fields was considerably lower than that of either 
station or field flowers; such activity was primarily re- 
stricted to material from the June 26th and July 3rd 
samplings. Also, of the five fields sampled, material 
from three contributed practically all of the pectino- 
lytic activity for ovary and fruit samples. 

Fruit collected from the brining station had about 
one-fourth the pectinolytic activity as compared to 
field fruit; further, the former was consistently low in 
enzyme activity throughout the season. Samples of 
flowers and ovaries collected from the greenhouse gave 
little evidence of pectinolytic activity; six of the eight 
samples collected during the season gave negative 
readings; two, one each for flowers and ovaries, were 
very low. 

Maximum pectinolytic activities for samples col- 
lected from fields and from the brining station were 
reached coincident with the June 26th sampling. These 
values (table 4), together with those from greenhouse 
material, permit comparison of peak enzyme activities 
obtained for different types of samples. 

Pectinolytic activities of cucumber material, such as 
those shown in table 4 and those in figure 3 were meas- 
ured at pH 4.0. This would indicate that such enzyme 
activity was of fungal origin. This view is further sup- 
ported by the high fungus counts obtained for station 
and field flowers which correlated very well with their 
high enzyme activities; also, station fruit gave low 
fungus populations, together with enzyme activity of a 
low order. Finally, the greenhouse samples revealed 
low fungus populations and negligible enzyme activity. 

The low pectinolytic activity for field ovaries and 
fruit samples from the last part of the season did not 
correlate too well with the fungus populations. This 
could be attributed to a predominance of accumulated 
fungus spores on the ovary and fruit surface during 
this period. Such spores would develop as colonies on 


TABLE 4 


Maximum pectinolytic activities for samples collected from 
fields and from the brining station 


Pectinolytic Activity Units 








Sample (June 26) 
Per flower, ovary, 





Per g or fruit 
Btation flowers. ................ >50,000 > 4200 
Field flowers............... : ... >40,000 >8500 
Field ovaries........... oe ree 1,300 650 
Field fruit.. petits tee 245 3100 
Station fruit............. ak 30 460 
Greenhouse ovaries....... 0 0 
Greenhouse flowers...... cea 0 0 





the streaked plates, but provide little activity for the 
enzyme test as compared to mycelial growth. It also 
should be mentioned that the fungus flora could change 
with the result that less pectinolytic species might 
predominate on field fruit and ovaries during the latter 
part of the season. 


Softening of Commercially Brined Cucumbers 


Judging from the extremely high softening enzyme 
concentration of station flowers, as shown in table 4 
and figure 3, it would seem most likely that if sufficient 
amounts were introduced into curing vats, under suit- 
able conditions, softening of the stock would result. 
This apparently was the case, because, of a total of 13 
commercial vats of no. 1 size cucumbers brined by the 
cooperating company during the 1952 season, between 
June 14th and July 12th, 10 were rated as being soft 
on October 30th by the plant manager. Further, 5 of 
the 10 vats with soft stock were filled during the period 
of peak softening enzyme activity for station flowers, 
June 26th. 

Subsequent studies, presented by Etchells et al. 
(1955) and covering several seasons at two commercial 
plants, have substantiated the above relationship of 
cucumber flowers to enzymatic softening of brined 
cucumbers. Vats filled with small-sized cucumbers that 
had a high percentage of flowers, either retained nat- 
urally or added experimentally, usually resulted in 
brine-stock that was soft or inferior in firmness; the 
degree of softening obtained was dependent upon the 
enzyme concentration of the flowers. In contrast, when 
cucumbers were deflowered by hand, the cured brine- 
stock was exceptionally firm. 


Action of Fungi on Pectin and Cellulose 


Over 1000 cultures of fungi were isolated from flowers, 
ovaries, and fruit of the cucumber plant during the 
1952 season. This collection of isolates was subjected 
to taxonomic investigation, and the results will be re- 
ported in detail by Raymond et al. (Unpublished Obser- 
vation). Inasmuch as representative isolates of various 
identified species were tested for their action on pectin 
and cellulose, a brief summary of the taxonomic find- 
ings, based on the above report, is of interest. 

Of the 1032 cultures isolated, 964 (93.4 per cent) 
were reduced to 72 species in 34 genera; the remaining 
68 isolates (6.6 per cent) were placed in 10 unidentified 
groups. Further, 31 species in 5 genera represented 80.5 
per cent of the total isolations, and 41 species in 29 
genera account for 12.9 per cent. Five single species in 
the 5 genera—Penicillium, Ascochyta, Fusarium, Clado- 
sporium, and Alternaria represented 60 per cent of all 
isolations. These species were: Penicillium oxalicum, 
15.7 per cent of the isolates; Ascochyta cucumis, 15.4 per 
cent; Fusarium roseum, 10.3 per cent; Cladosporium 
cladosporioides, 10.1 per cent; and Alternaria tenuis, 
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e TABLE 5 
‘ Pectin degradation by fungi isolated from cucumber material as assayed by the rapid screening test and by the viscometric method 
e Screening Test Viscometric Method 
t nee é ‘ | hfe : 
: Fungus aoe __ > of isolates a ee ee Pectinolytic activity Previous Reports 
Obtained | Tested | Positive ae | ; 
MAJOR GROUP (A)f (and per cent of | | 
SRORONMNED co atc entice ee pees on ah (831) | | 
e NC Ce 2 t/a ee (249) | | 
4 Pe PROMI cco cin s onscreen ct a cae ea aise 106 9 | 8 | 3 | 4+, 4+, 2+ | Pstg 
See tae 60 ll | ll 2 4+, 2+ | Psd 
‘ Ei 58 7 a 3+, 3+ | Psg 
U- iS PROMO 3s oe oS hoes ees ucaeas 10 3 3 2 4+, 3+ | Psg 
t. F. episphaeria...................0.. 1 ef 4 | | 
2 Fusarium sp............ aan ee eel 14 0§ | | | | 
e Penicsllium (22.3%)............0005- . (230) | | | 
a LT a rae ae 162 19 19 2 4+, 4+ | Pd 
. P. janthinellum................-. : 16 i | wo | 2 4+, 4+ | Psh 
it P. steckii............0.0.000: ee ll 4 | 4 | 
of PP APRN RINE © casero se braces endo ; 8 3 3 | P; a 
vd P. sublateritium..... eae aes rence me 7 3 | 3 
- P. nigricans. . ec Neary ee 5 O§s | | 
P. frequentans. . err ee eee ; 1 1 | 1 | Psa 
14 Other species§........ = 21 21 | 21 | 
il. Agscochyta (15.5%) . See oe ne (160) | 
al A. eucumis ace 159 6 | 15 2 A+, 3+ | 
of Po a ee ee 1 1 0 | 
ad Cladosporium (10.1%) ............ ee (104) | | | 
C. cladosporioides.......... ewes 104 23 | 8 | 2 4+, 3+ | 
. Alternaria (8.5%) sien seeeeesraecig 3 (88) | | 
t- A. tenuis EE. Pe eee ne 88 34 34 2 4+, 3+ | P;a 
in MINOR GROUP (B)||.................. (133) | 
he Aspergillus | 
he A. elegans. eae te oes 1 1 1 
P|. ae ee 7 3 3 1 2+ Pia 
m MS gcc tee eciiobechinas én caidaced 1 1 1 1 2+ P;a,c,d,e,f,h 
e- Fe eae eee 1 1 | 1 
A. terreus... Oe ae iret ee es i 1 | 1 | P;d 
A. unguis... acta s aes 1 1 | 1 | 
A. versicolor . are keer 2 2 | 2 Pa 
Cephalosporium 
rs, Cephalosporium sp. 1................ 5 4 |} 2 i | 1+ 
he Cephalosporium sp. 2................| 1 0§ | | 
ed ie | | a ee ene 1 1 | 0 | 
re- Chaetomium | | 
CG MMMIMUMT kien was 3h sass 254 2 2 0 2 | Ni N N;a 
er ; | | | 
> Choanephora | | | | 
US C.. cucurbttarum........ 06.5.5. c cee 4 0§ | 
tin Colletotrichum | | | 
id- ge OT ere eal 8 | 2 2 | fr 3+ | 
Cunninghamella | | | | 
C. echinulata.... RE OO NS | 1 | 1 0 1 | N | 
nt) 4 ; | 
. Curvularia 
Ing C. trifolii... Bosbrtetess Serre | 4 4 | 4 | 1 | 3+ 
ied Oe, i 3 3 | 0 | 1 | N 
0.5 Gliocladium | | 
29 RMN Fa Spheres Ro tah | 2 1 | 0 | 1 | N 
in Helminthosporium ee | 2 2 | 2 1 | 3+ | 
Heterosporium | | | | | 
do- ES nee eee ee ee ; 1 1 0 | ’ 
all Humicola | | 
im, Se a es 1 | 1 | 1 | 1 | 2+ | 
per Metarrhizium | | | | | 
: M. anisopliae.............. 2 2 0 1 N 
um Pike A eee: | 
18, 
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Screening Test 


TABLE a-— Contin ued 


Viscometric Method 


Fungus No. of isolates : ; : ; Ae Previous Reports 
Rett tna ae No. of iso- Pectinolytic activity 
Obtained Tested Positive pen ae name” 
Mucor 
CORI oe ba ucayeccees wa 19 3 3 1 2+- 
SS eee 1 1 
Mucor sp. 3..... 1 1 1 1 2+ 
Myrothecium 
M. roridum............. 4 3 1 1 1+ 
M. verrucaria....... oy. ee eee 9 6 0 1 N 
Myrothecium sp......... 2 2 1 
Papularia 
P. arundinis.......... 1 1 1 1 N 
Pestalotiopsis 
P. macrotricha........... pba tema 3 2 2 1 1+ 
eee B Sete esi 7 3 2 4+, 2+ 
Pullularia 
eee ce 3 : 3 1 1+ 
Pseudonectria sp............... ine 1 1 0 
Rhizopus 
R. arrhizus.......... Reesiee sits 1 1 1 | Psb 
R. nigricans (= R. stolonifer) ... 2 2 1 1+ P; b 
RRA IIID io 6ts cre ow ae ee 1 1 0 
Sporotrichum 
Se, . 3 2 2 2 1+,1+ 
Stagonospora sp................ ae 1 1 1 
Stysanus sp.. ee ee ae 1 1 0 1 N 
Thielavia 
2 ROO. .......... nA 3 3 3 1 1+ 
Trichoderma 
15 | RES Sere Pea 16 15 5 2 3+, 2+ P;a 
Truncatella sp............ batches 1 1 1 
UNIDENTIFIED:........ Oe ey (68) 
Sporulating fungi......... (oie 48 7 4 
eo ph ceees Sd 20 10 4 
Control broth.............. Pee ee 0 N 


* Based on activity of clear fungus culture filtrate after 14 days’ growth: 4+ = very strong activity, approximately 500,000 
pectinolytic units per ml; 34+ = strong, approximately 100,000 units; 2+ = moderate, approximately 25,000 units; 1+ = weak, 


1,000 to 10,000 units; N = negative activity, <10 units. 


+ Genera and species listed in decreasing order of frequency of isolation; group A fungi represent 80.5 per cent of total isolations 


(1032); group B, 12.9 per cent; unidentified, 6.6 per cent. 


t P means positive for pectinolytic activity and N means negative as reported in the literature as follows: a, Dingle and Solo- 
mons (1952); 6, Harter and Weimer (1921); c, Popova (1935); d, Ragheb and Fabian (1955); e, Saito (1955); f, Schubert (1952); 


g, Vaughn et al. (1957); h, Waksman and Allen (1933). 
§ Cultures dead. 


{ Isolates in the following 14 species were all positive in the rapid screening test: P. atromentosum, 1 isolate; P. chermesinum, 
1; P. duclauxi, 2; P. funiculosum, 2; P. gladioli, 1; P. herquei, 1; P. implicatum, 1; P. piscarium, 2; P. restrictum, 2; P. rugulo- 
sum, 1; P. thomii, 2; P. urticae, 1; P. variabile, 2; and Penicillium sp., 1. 


|| Genera and species listed alphabetically. 


8.5 per cent. If the above list is extended to the 10 
most frequently isolated species, the 5 following species 
would be included: Fusarium oxysporum, 5.8 per cent 
of isolates; F. solani, 5.6 per cent; Mucor silvaticus, 1.8 
per cent; Penicillium janthinellum, 1.6 per cent; and 
Trichoderma viride, 1.6 per cent. 

The results for the action of representative cultures 
of the various species of fungi on pectin and cellulose 
are presented in tables 5-7. It will be noted that most 
of the species tested proved to be both pectinolytic 


and cellulolytic. This was particularly true for cultures 
representing the most frequently isolated species. Ad- 
ditional information concerning this portion of the 
study follows. 

Action on pectin. A total of 274 isolates was tested 
for pectin degradation by the rapid screening procedure 
(table 5). Of these, 170 were typical of species in the 4 
most frequently isolated genera, group A; 104 were 
representative species in 29 less frequently obtained 
genera, group B. Of the 29 species tested in group A, 
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27 were completely positive for degradation of pectin, 
1 was negative, and 1 species appeared to be variable 
(8 isolates positive out of 9 tested). Of the 39 species 
tested in group B, 23 were positive, 11 were negative, 
3 were variable, and 2 were doubtful. 

Verification of the action on pectin described above 
was made by measuring the pectinolytic activity of 


TABLE 6 
Cellulolytic activity of 19 species of Penicillium on colton tape 
after 10 days’ growth in a mineral salts medium* 


Enzyme Activity of 





ence Culture | Growth | son Culture Filtrate? 
Number | Indext | csrength | aac lone : 
. Cellulolyt- |Pectinolytic 
|ic units/ml! units/ml 
(19 Penicillium species) CF- % X10 X10 
P. atromentosum 733 5+ 90 180 39 
P. chermesinum. . 250 | 4+ 80 220 15 
P, duclauxi 1018 4+ 75 240 13 
P. expansum 116 1+ 0 <10 3 
P. frequentans... 983 0 0 <10 3 
P. funiculosum 891 4+ 75 1580 98 
P. gladioli 743 3+ 90 1020 80 
P. herquei 9 3+ 75 440 17 
P. implicatum 1007 | 0 0 <10 4 
P. janthinellum. . . 224 5+ 95 1640 240 
P. janthinellum. . . 317 5+ 90 | 1160 327 
P. janthinellum 422 | 5+ 90 4000 227 
P. janthine llum... 753 5+ 90 1000 117 
ah janthinellum 830 4+ 95 2480 227 
P. oxalicum 8 5+ 95 260 77 
P. oxalicum 134 5+ 95 320 480 
P. oxalicum 326 | 5+ 90 180 62 
P. oxalicum 405 5+ 90 340 10 
P. oxalicum 519 | 5+ 90 | 780 19 
P. oxalicum 600 5+ 90 460 387 
P. oxalicum 1057 | 5+ 90 560 187 
P. piscarum 1] 4+ 60 110 72 
P. restrictum 747 1+ 0 <10 3 
P. rugulosum.... 934 | 2+ 0 20 2 
P. steckii 782 | O 0 <10 3 
P. sublateritium. 62 44 90 | 860 37 
P. thomii 667 5+ 60 1000 4 
P. urticae 378 | 0 0 <10 3 
P. variabile : 936 2+ 0 460 3 
(5 Comparison species 
Myrothecium ver- 
rucaria 580 44+ 100 440 5 
Chaetomium  glo- 
bosum ee 490 4+ 90 | 200 | 3 
Aspergillus niger..| 129 | 3+ 30 | 680 | 3 
Trichoderma  vir- 
ide 1056 | 3+ 25 180 13 
Mucor species. ... 36} 1+ o.} <0 17 
Sterile control. . 0 Oo | <0 3 


* Based on unpublished studies by Templeton, Etchells, 
Bell, and Campbell (1955). 

15+ = Very heavy growth; 4+ = heavy; 3+ = moderate; 
2+ = slight; 1+ = very slight; 0 = no visible growth. 

t Inoculated, toluene preserved controls were made for 
each organism tested; all gave negative results for loss in 
tensile strength of tape and enzyme activity of culture fil- 
trate. 


culture filtrates from representative species (table 5). 
Isolates typical of species in group A were highly 
pectinolytic, with the exception of 1 isolate each of 
Fusarium roseum and F.. oxysporum, which were moder- 
ate in activity. Of the 25 species of group B tested, 8 
were negative, 7 were weak, and the remaining 10 
ranged from moderate to very strong in pectinolytic 
enzyme activity. The two assays of pectin breakdown 
checked well; the only discrepancy was in the case of 
Papularia arundinis, which was positive in the rapid 
screening procedure but whose culture filtrate failed to 
reduce the viscosity of the polypectate solution. 

When our results, shown in table 5, are compared to 
the results of previous workers, it can be seen that no 
disagreements are in evidence. It is further noted that 
species in many of the fungi genera apparently have 
not been studied heretofore. 

Action on cellulose. Extensive studies by White et al. 
(1948), Marsh et al. (1949), and Reese et al. (1950) have 
been made on the cellulolytic activity of large collec- 
tions of fungus isolates representing numerous species 
in a wide variety of genera. In these important investi- 
gations, activity was measured by decline in tensile 
strength of cotton fabric resulting from growth of 
pure cultures of the fungi in a mineral salts medium. 

Based on these reports, the following general patterns 
of cellulolytic activity for the 34 genera of fungi ob- 
tained from the cucumber plant seem likely: (1) ac- 
tivity would be expected with a high degree of fre- 
quency among isolates of 18 genera, that is, Alternaria, 
Cladosporium, Cephalosporium, Chaetomium, Fusarium, 
Curvularia, Gliocladium, Helminthosporium, Humicola, 
Myrothectum, Papularia, Pestalotiopsis, Sporotrichum, 
Trichoderma, and possibly Phoma, Heterosporium, 
Thielavia and Stysanus; (2) negative results for activity 
would be expected for isolates of 6 genera, that is, 
Cunninghamella, Geotrichum, Metarrhizium, Mucor, 
Pullularia, and Rhizopus; (3) activity among isolates 
of Aspergillus and Penicillium would not be expected 
to occur with any degree of regularity except for certain 
species in the various groups, subgroups, or series of 
these genera; and, (4) it seems that an insufficient 
number of isolates have been studied in the 8 remaining 
genera, Ascochyta, Cercospora, Choanephora, Colleto- 
trichum, Pseudonectria, Rosellinia, Stagonospora, and 
Truncatella, to establish generic cellulolytic activity 
patterns. 

The isolates listed in table 5, under Viscometric 
Method, were tested for ability to grow with filter 
paper as the sole source of carbon. All showed moderate 
to heavy growth, with the exception of the following 8 
species in genera belongiifg to group B: Colletotrichum 
lagenarium, Cunninghamella echinulata, Geotrichum sp., 
Metarrhizium anisopliae, Mucor  silvaticus, Mucor 
species no. 3, Pullularia pullulans, and Rhizopus nigri- 
cans. Furthermore, growth of the positive isolates was 
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accompanied by cellulase (C,) activity in the clear 
eulture filtrate with the exception of Penicillium oxali- 
cum (CF-8) and Cladosporium cladosporioides (CF-31). 

It is of interest to note that of the 8 negative cul- 
tures, 7 belong to the 6 genera that would be expected 
to give negative results for cellulolytic activity; the 
remaining isolate (CF-419), representing Colletotrichum 
lagenarium, apparently has not been studied in this 
respect. Of the 30 cultures showing growth on filter 
paper, practically all belonged to genera in which 
cellulolytic activity has been observed with a high de- 
gree of regularity. 

Cellulolytic activity of Penicillia (see table 6). Nine- 
teen species of Penicillium, together with five compari- 
son species from other genera, all isolated from cucum- 
ber material, were tested for their ability to degrade 
cotton tape. Eleven Penicillium species, including all 
isolates of P. oxalicum and P. janthinellum, proved to 
be active in reducing the tensile strength of the test 
material and showed C, activity in the broth filtrate. 
The most cellulolytic Penicillium species were com- 
parable in activity to Myrothectum verrucaria and 
Chaetomium globosum, which are two of the most cel- 
lulolytic fungi known. Certain species, notably all 
isolates of P. janthinellum and certain of the P. orait- 
cum isolates, produced considerable pectinolytic en- 
zyme activity during growth on the cotton tape. 
Eight species were inactive as to degradation of the 
tape and, with one exception, were considered negative 
for C, activity; P. variabile showed 4600 units per ml 
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of C, activity, 2+ growth on the tape, but no loss in 
tensile strength. 

The results for nine Penicillium species listed in 
table 6 (that is, P. oxalicum, P. janthinellum, P. ex- 
pansum, P. frequentans, P. funiculosum, P. restrictum, 
P. rugulosum, P. thomii, and P. variabile) agree with 
earlier observations by Marsh et al. (1949); these 
workers studied numerous Penicillium isolates, includ- 
ing all the species shown in table 6 except P. piscarium. 
Lack of agreement in the tests for the nine remaining 
species common to both studies could readily be at- 
tributed to variation in biochemical behavior of isolates 
of the same species. This was demonstrated by the 
above workers with three isolates of P. funiculosum;: 
two were strongly cellulolytic and one was inactive. 
However, cellulolytic activity seems to be rather strong 
for certain species; the seven isolates of P. oxalicum 
and five of P. janthinellum were uniformly highly ac- 
tive, with values for loss in tensile strength of cotton 
fabric of 90 to 95 per cent; Marsh et al. obtained values 
of 93 to 94 per cent for these two species. 

Of the five comparison species, all were positive for 
tape degradation with the exception of the Mucor 
isolate. These results agree perfectly with their ability 
to grow with filter paper as sole carbon source. In 
addition, several isolates each of Penicillium oxalicum, 
P. janthinellum, Chaetomium globosum, Myrothecium 
verrucaria, Trichoderma viride, Cladosporium clado- 
sporioides, Ascochyta cucumis, Sporotrichum pruinosum, 
and Mucor silvaticus were tested for their ability to 


TABLE 7 


Pattern of pectinolytic and cellulolytic activity of the 10 most frequently isolated fungi from flowers, ovaries, and 
fruit of the cucumber plant 








No. of Isolations and |‘ 








Action of Representative Isolates on: 




















Fungus Percentage of Total Pectin Filter paper Cotton fabric Cucumbers 

(1032) Rea Ue k ails Palka: pith. 

Rapid Pectinolytic , Cellulolytic Loss of tensile Loss in 

FR on test acibelly - Growth activity (Ce) strength firmness* 
- no. % Co 
Penicillium oxalicum........... 162 15.7 + _ _ _ + 100 
Ascochyta cucumis..... 159 15.4 _ _ - + 28 70 
Fusarium roseum........ = 106 10.3 _ _ ~_ + + 30 
Cladosporium cladosporioides........| 104 10.1 + + _ + 4 70 
Alternaria tenuis............. yee 88 8.5 + + + a a. 80 
Fusarium orysporum.... oe 60 5.8 + + ~ - + 95 
Fusarium solani. ........... 58 5.6 + ~ _ + 4 90 
Mucor silvaticus........... 19 1.8 + - ne 30 
Penicillium janthinellum...... 16 1.6 + + + - + 100 
Trichoderma viride............ 16 1.6 Vi = _ > + 90 

Totel ..... : a ee 788 76.4 





* The fungi were grown for 3 weeks at 30 C in medium IVA (mineral salts with pectin) and 1 ml each of the clear fungus fil- 
trates were added to quart jars of commercially prepared, pasteurized cucumbers (1 in. diameter, Model variety) equalized at 2.5 
per cent salt, 0.6 per cent acetic acid and pH 3.7; all jars, including controls, were preserved with toluene, resealed, and incubated 
18 days at 30 C. The U.S.D.A. Fruit Pressure Tester was used to determine cucumber firmness (Bell et al., 1955); controls without 
added filtrates averaged 15.5 Ib whereas cucumbers from jars with purified polygalacturonase (1 mg per quart jar) showed complete 
loss of firmness. 
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degrade cotton cloth. All were active except 1. silvati- 
cus. 

Pattern of enzyme activity of principal fungi. A prob- 
able pattern of pectinolytic and cellulolytic activity of 
the 10 most frequently isolated fungi from flowers, 
ovaries, and fruit of the cucumber plant is shown in 
table 7. It will be observed that all of these species, 
which represented almost 75 per cent of the total iso- 
lations (1032), are pectinolytic and all but one are also 
cellulolytic. Further, they were active in reducing the 
firmness of cucumber tissue. The first five species listed 
accounted for 60 per cent of the isolates obtained, and 
in addition composed most of the total fungus popula- 
tions of field flowers and station flowers throughout the 
1952 season. In view of this, it seems most likely that 
growth by these particular species was chiefly respon- 
sible for the concentration of pectinolytic activity 
demonstrated for such flower samples. It will be re- 
called that the softening of 10 commercial vats of 
brined cucumbers during the 1952 season was at- 
tributed to pectinolytic enzyme activity of cucumber 
flowers adhered to the cucumber fruit introduced into 
the curing vats. 
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SUMMARY 


Results are presented for a study on: population 
estimates of filamentous fungi occurring on samples of 
flowers, ovaries, and fruit of the cucumber plant (Cu- 
cumis sativus L.) throughout one growing season; 
pectinolytic enzyme activity of such cucumber material ; 
and pectinolytic and cellulolytic enzyme activity of 
representative fungus species isolated in the course of 
the investigation. 

During the 4- to 6-week harvest season, rather high 
fungus populations and accompanying pectinolytic 


enzyme activity were obtained for certain samples of 
cucumber material. This was especially true for flowers 
collected from fields and those removed from fruit at 
the brining station. The latter, because they are intro- 
duced into the vats with the fruit that is brined, were 
considered a potent source of softening enzymes in 
commercial cucumber brines. 

Representative isolates of the various species of 
fungi isolated from cucumber material, subsequently 
identified in a companion study, were tested for their 
action on pectin and cellulose. Of the 72 species in 34 
genera obtained, most proved to be both pectinolytic 
and cellulolytic; this was particularly the case for 
cultures representing the most frequently isolated 
species. 

Five species in five genera, Penicillium, Ascochyta, 
Fusarium, Cladosporium and Alternaria, represented 
60 per cent of all isolations (1032) and were found to 
be highly important sources of pectinolytic enzyme 
activity. Growth by these particular species was con- 
sidered to be chiefly responsible for the fungal popula- 
tions and pectinolytic enzyme activity demonstrated 
for flower samples collected during the season. 

The studies reported definitely implicate filamentous 
fungi as the actual causative agent responsible for 
softening-spoilage of cucumbers brined under com- 
mercial conditions typical of the South. Further, it is 
believed that the softening enzyme systems are intro- 
duced into curing brines chiefly by way of the fungus- 
laden flowers that remain attached to the cucumbers, 
and to a lesser extent by the fruit itself. 
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L variants of Proteus, growth of, on cellophene membranes, 
153 

Lyophilization, evaluation of, of Aspergilli and Penicillia, 
179 

Lyophilization of Pasteurella pestis, 255 


Malvaceous plants, pseudomonads and retting of, 89 

Mammalian cell lines, toxicity of metallic materials for, 30 

Mammalian cells, propagation of, in a 20-liter stainless steel 
fermentor, 305 

Meat curing, microbiology of, 323 

Media for enumeration of Salmonellae, 189 

Media for isolation of Salmonella from egg white solids, 198 

Media, sulphur and iron in differentiation, 264 

Media with precursors for synnematin production, 276 

Medium chemically defined for Clostridium tetani, 311 

Medium, coliform reactions in EC, 347 

Medium dulcitol lactose agar, for confirmation of Salmonellae 
in food, 335 

Membrane filter for estimating viable bacteria, 201 

Membrane filter for isolation of beta-hemolytic streptococci, 
124 

Membrane filters, rapid cultivation of Desulfovibrio aestuarii 
on, 42 

Metal-cutting fluids, aerobic bacteria in, 388 

Metallic construction, toxicity of, for mammalian cell lines, 
30 

Microbial enzymes and their application, 212 

Microbial enzymes as depilatory agents, 293 

Microbial proteins, essential amino acids in, 369 

Microbiological examination of precooked frozen foods, 97 

Microbiology, gravimetric methods in analytical, 80 

Microbiology of meat curing, 323 

Microorganisms, effect of plastics on, in milk, 121 

Microorganisms, effect of storage temperatures on, in juice 
concentrates, 139 

Microorganisms, factors affecting the infrared spectra of, 298 

Microorganisms in air, filtration method for concentration of, 
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Microorganisms in leaching sulfide minerals, 281 

Microorganisms, preservation of, by freeze-drying using sta- 
bilizers, 401 

Milk, activity of Streptococcus agalactiae on casein of heat- 
sterilized cow’s, 407 

Milk, effect of plastics on microorganisms found in, 121 

Minerals, microorganisms in leaching sulfide, 281 

Mushrooms, protein and fat content of, grown in submerged 
culture, 1 

Mutagenic agents by the Streptomyces reverse mutation test, 
45 

Mutagens, methods for detection of chemical, 23 


Nutritional requirements of Clostridium tetani, 311 
Nutrition in the synthesis of actinomycin, 236 
Nutrition of Penicillium roqueforti, 174 


Orange juice, effect of storage temperatures on microorganisms 
in frozen, 139 

Oxytetracycline sensitive and resistant organisms, acid pro- 
duction and phosphorus metabolism of, 9 


Paper dises for hydrogen sulfide test, 193 

Pasteurella pestis, lyophilization of, 255 

Pasteurella, response of, to radiation simulating sunlight, 127 

Pathogenicity of Verticillium albo-atrum as affected by muck 
soil antagonists, 155 

Pectin decomposition and retting by pseudomonads, 89 

Penicillia, lyophil process for preservation of, 179 

Penicillium roqueforti, nutrition of, 174 

Phosphorus metabolism of oxytetracycline sensitive and re- 
sistant organisms, 9 

Pilot plant fermentor for classroom instruction, 15 

Plastics, effects of, on microorganisms in milk, 121 

Pleuropneumonialike organisms, stability of, to physical 
factors, 184 

Polysaccharides, laboratory production of, by species of 
Xanthomonas, 105 

Poultry, development of yeasts on antibiotic-treated, 420 

Precursors, media with, for synnematin production, 276 

Preservation of Aspergilli and Penicillia by lyophil process, 
179 

Preservation of microorganisms by freeze-drying using sta- 
bilizers, 401 

Preservatives, antibiotics as, for industrial materials, 268 

Preservatives, biological factors in wood, 207 

Production of glycerol and p-arabitol by yeasts of the genus 
Zygosaccharomyces, 349 

Propagation of mammalian cells in a 20-liter stainless steel 
fermentor, 305 

Beta-Propiolactone vapor as a disinfectant, 358 

Protein content of mushrooms grown in submerged culture, 1 

Protein, Tricholoma nudum as source of microbiological, 5 

Proteins, essential amino acids in microbial, 369 

Proteolytic bacteria from bovine rumen, 36 

Proteus, cellophane membranes in growth of L variants of, 
153 

Pseudomonads, determination of pyoverdine of, in frozen 
whole egg, 247 

Pseudomonads, properties of pyoverdine, the fluorescent pig- 
ment of, 241 

Pseudomonas species and pectin decomposition of malvaceous 
plants, 89 ‘ 

Pyoverdine, determination of, in frozen whole eggs, 247 

Pyoverdine, properties of, pigment of the pseudomonads, 241 


Rapid cultivation of Desulfovibrio aestuarii on filter mem- 
branes, 42 
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Rations, effect of, on free ruminal bacteria in sheep, 422 

Relative humidity, response of Pasteurella to artificial sun- 
light and, 127 

Retting of jute by aerobic bacteria, 87 

Retting of malvaceous plants by pseudomonads, 89 

Rumen, effect of rations on free bacteria in sheep, 422 


Saccharomyces beticus, acetaldehyde formation in submerged 
cultures of, 160 

Saccharomyces cerevisiae, effect of arabinose on glucose fer- 
mentation by, 225 

Salmonella, media for isolation of, from egg white solids, 198 

Salmonellae, isolation of, from food samples, 189, 228, 335 

Sampler, slit-incubator, design and evaluation of, 398 

Screening test of bactericides for sheep pelt soaking pits, 142 

Serratia marcescens, freeze-drying and enzyme systems of, 49 

Serratia marcescens, preservation of, by freeze-drying using 
stabilizers, 401 

Serratia marcescens, survival of, dried by continuous sub- 
limation, 413 

Serratia marcescens, survival of, stored in concentrates 
5 C, 233 

Sheep, effect of rations on free ruminal bacteria in, 422 

Sheep pelt soaking pits, screening test of bactericides for use 
in, 142 

Shipping of germfree animals via public transportation, 146 

Slit-incubator sampler, design and evaluation of a, 398 

Soil antagonists, pathogenicity of Verticillium albo-atrum as 
affected by, 155 

Soil, biological effects of antibiotics in, 221 

Soil burial beds, cellulose decomposition in, 108, 115 

Soil properties in relation to cellulose degradation, 108, 115 

Spore inactivation by free available chlorine, 338 

Stability of pleuropneumonialike organisms to physical 
factors, 184 

Stainless steel fermentor, propagation of mammalian cells in 
a, 305 

Sterilization of small volumes of air by an electric incinerator, 
274 

Storage temperatures and microorganisms in frozen orange 
juice, 139 
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Streptococci, beta-hemolytic, membrane filter for isolation of, 
124 

Streptococcus agalactiae, activity of, on casein of heat-sterilized 
cow’s milk, 407 

Streptomyces reverse mutation test, mutagenic agents by, 45 

Streptomycetes, classification of, 52 

Sublimation, survival of Serratia marcescens dried by con- 
tinuous vacuum, 413 

Submerged culture of mammalian cells, 305 

Sulfide minerals, microorganisms in leaching, 281 

Sulphur and iron differentiation media, improved preparation 
of, 264 

Sunlight, response of Pasteurella to artificial radiation simu- 
lating, 127 

Survival of Serratia marcescens dried by continuous vacuum 
sublimation, 413 

Survival of Serratia marcescens stored at 5 C, 233 

Synnematin production, media with precursors for, 276 

Synthesis, nutrition in the, of actinomycin, 236 


Thermometers, disinfection of clinical, 381 

Toxicity of metallic materials for mammalian cell lines, 30 
Tricholoma nudum as source of microbiological protein, 5 
Turbidimetric estimation device, automatic recording, 266 


UMAGIS medium, improvement of, 264 

Verticillium albo-atrum, pathogenicity of, as affected by muck 
soil antagonists, 155 

Vortex aeration culture apparatus for Brucella vaccine, 40 

Wood preservatives, biological factors in, 207 


Xanthomonas species, laboratory production of polysaccharides 
by, 105 


Yeasts, development of, on antibiotic-treated poultry, 420 
Yeasts, production of glycerol and p-arabitol by osmophilic, 
349 


Zygosaccharomyces, production of glycerol and p-arabitol by, 
349 
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LEADING BACTERIOLOGICAL PUBLICATIONS STATE: 


“Hanovia ultraviolet equip- 
ment effectively reduces the 
hazards of air borne contam- 
ination, insures personnel 
Safety, product purity” 


In-laboratory sieve type air sampling tests conclu- 
sively prove the constantly recurring danger to lab- 
oratory personnel of infectious bacterial aerosols. 
These hazards are released by removal of stoppers 
or cotton plugs, and even by such widely accepted 
bacteriological techniques as pouring cultures from 
container to container, and syringe and needle 
transfers from rubber-stoppered vaccine bottles. 


Accordingly, use of Hanovia ultraviolet equip- 
ment to effectively reduce hazard of air borne 
contamination serves to insure safety of personnel 
and product purity. A wide range of such safe and 
efficient germicidal equipment is produced by 
Hanovia to fill your precise requirements. 


HANOVIA EXPLOSION-PROOF 
GERMICIDAL LAMP UNIT 

Where concentrations of explosives fumes or ignit- 
able gases have precluded air sterilization by ultra- 
violet irradiation, this Hanovia explosion-proof 


germicidal lamp unit may safely be used. Particu- 
larly valuable for use in transfer hoods. 


HANOVIA LETHERAY 


For non-hazardous areas, air borne bacteria, vi- 
ruses, fungi, and mold spores are effectively de- 
stroyed with Hanovia Letheray ultraviolet fixtures. 
For intense irradiation at focal points, unit mounts 
directly over tables and benches, in fume hoods, 
and sterilizing cabinets, over conveyors, hoppers, 
and packaging machinery. May also be mounted 


on ceilings or walls. hs 














FREE: Brochure describing ultraviolet equipment 
that every bacteriologist should know. Write for 
your free copy without obligation today. Dept. AM9 
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Bacto-Dehydrated Media 
for Microbiological Assay of 


VITAMINS and AMINO ACIDS 


These media contain all the necessary nutriments for the 
growth of specified test organisms requiring only the addition 
of specified increasing amounts of the vitamin or amino acid 


being assayed: 
Arginine Assay Medium 
Bi2 Assay Medium USP 
B;2 Ochromonas Medium 
Biotin Assay Medium 
C F Assay Medium 
C S Vitamin Bi2 Agar 
Casamino Inoculum Broth 
Choline Assay Medium 
Cystine Assay Medium 
Folic Acid Assay Medium 
Glycine Assay Medium 
Histidine Assay Medium 
Inositol Assay Medium 
Inositol PAB Assay Medium 
Isoleucine Assay Medium 
Lactobacilli Agar AOAC 
Lactobacilli Broth AOAC 
Leucine Assay Medium 
Lycine Assay Medium 


Methionine Assay Medium 
Niacin Assay Medium 

PAB Assay Medium 
Panthenol Assay Medium 
Pantothenate Culture Agar USP 
Pantothenate Medium USP 
Phenylalanine Assay Medium 
Proline Assay Medium 
Pyridoxine Assay Medium 
Riboflavin Assay Medium 
Serine Assay Medium 
Thiamine Assay Medium 
Thiamine Assay Medium LV 
Tryptophane Assay Medium 
Tyrosine Assay Medium 
Valine Assay Medium 
Vitamin B12 Agar 

Vitamin B12 Assay Medium 
Vitamin B12 Tomato Agar 


enzymes: Chicken Pancreas Hog Kidney Extract 


The following media have been developed especially for carry- 
ing stock cultures and for preparation of the inoculum: 
Bi2 Culture Agar USP 
Bi2 Inoculum Broth USP 
Glutamic Assay Medium 
Glutamic Culture Agar 


Glutamic Inoculum Broth 
Micro Assay Culture Agar 
Micro Inoculum Broth 
Neurospora Culture Agar 


Dehydrated Peptones prepared especially for microbiological assay: 
Bacto-Vitamin Free Casamino Acids acid hydrolyzed casein 
Bacto-Vitamin Free Casitone tryptic digest of casein 


Descriptive literature available on request 
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